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« Foreword 


We at Semiconductor Operations (SCO) are committed to provide excellence in integrated cir- 
cuit technologies, products, and services to support our customers, the Digital Systems Groups. 
Our primary objective is to optimize Digital’s competitive market position by develop- 
ing leadership system performance at the lowest possible cost and within the appropriate 
time constraints. 


The execution of programs designed to achieve this objective has resulted in the technologies 
and products described in the 1987 Semiconductor Databook Volumes 1 and 2. While the basic 
charter of SCO is to provide strategic and tactical management of all integrated circuit 
requirements, the VLSI design and manufacturing function of SCO has become the focal point 
for unique and complex circuits that have contributed significantly to the success of many new 
Digital products. A strategic investment has been made in CMOS technology and in the design 
tools necessary to take advantage of this technology. Increased circuit densities and perform- 
ance have resulted, and capabilities have been extended from full-custom design for maximum 
performance to semi-custom design for fast time-to-market application. CAD tools are 
continually being developed to further enhance design and design methodology. 


SCO is continually expanding its facilities to provide you with better service. While Hudson 
and Andover, Massachusetts are the nucleus of the engineering and manufacturing operations, 
supplemental design facilities are available in Israel and Japan and additional manufacturing 
capacity is being planned in Scotland. In addition, a new 6-inch wafer pilot fabrication line has 
been approved for construction in Hudson to aid in the state-of-the-art development of the 


advanced CMOS devices. 


During the past year, many new integrated circuits have been developed and released. Although 
some are application-specific, the circuits that are suitable for general use are described in 
Volumes 1 and 2 of this databook. Volume 1 is a revision to the 1986 Databook and includes the 
latest revisions and changes. Volume 2 contains information related to the new CMOS products 
that have been recently developed for general use. We encourage you to become familiar with 
these products and to use them in the design of Digital’s systems products when possible. We are 
ready to assist you in your design process and in support of your production needs. 


Our ultimate goal is to ensure that Digital’s systems continue to maintain significant competi- 
tive advantage through the use of SCO services and products. 


Confidential and Proprietary ili 








i 
i 





ym 


sy 























7 











ys 














Confidential and Proprietary 




















= 









































Soils 




















- Part Identification Codes 


The following identification codes are used with the devices in this databook. 


780 Series 
78xyZ - XX - XX 
t__0 = Processors 5 = Controllers GA = Gullwing 
1 = Coprocessor 6 = Graphic devices FA = Straight 
2 = Memories 7 = Bus interfaces PA = Pin grid array 
3 = I/O devices 8 = Communications devices 
4 = Reserved 9 = Reserved 
DC Series 
DCxyz 
t 0 = Custom bipolar devices 3 = MOS devices 
—— 1 = Custom bipolar devices 5 = MOS devices 


- Cross-referencing of Semiconductor Products 


Part Part Purchase Description 
Name Number Number 


DC341 78034-GA 21-24674-01 | CVAX Central Processing Unit (CVAX CPU) 
DC513 78134-GA 21-26604-01 | CVAX Floating-point Accelerator (CFPA) 
DC509 78135-GA 21-24673-01 | CVAX Clock Generator (CCLOCK) 

DC551 78332-GA 21-24942-01 | MicroVAX System Support Chip (SSC) 
DC357 = 78588-PA 21-25091-01 | CVAX Memory Controller (CMCTL) 
DC527 78711-GA = 21-25972-01 CVAX Q22-bus Interface Chip (CQBIC) 
DC514 —_ 21-24674-01 | CMOS VAXBI Bus Interface Chip (CBIC) 
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- Section 1—Microprocessor and Support Devices 


The CVAX 78034 microprocessor and support devices are the latest development in CMOS devices. 
They provide the increased performance and the versatility required for the design of new and 
faster VAX systems. 

CVAX 78034 Central Processing Unit—The CVAX 78034 CPU is a low-cost high-performance, 32- 
bit virtual memory microprocessor. It is implemented in double-metal CMOS and is functionally 
compatible with the MicroVAX 78032 CPU. It contains a 1-Kbyte cache memory and provides 
pipeline architectures and instruction prefetch. 

CVAX 78134 Floating-point Accelerator—The CVAX 78134 CFPA is a high-performance coprocessor 
used with the CVAX 78034 CPU to accelerate the execution of floating-point instructions. It 
eliminates the need to emulate floating-point operations in software. 

CVAX 78135 Clock Generator—The CVAX 78135 CCLOCK generates the precision MOS clock 
signals required by the CVAX 78034 CPU, CVAX 78134 CFPA, and up to two additional support 
chips. 

MicroVAX 78332 System Support Chip—The MicroVAX 78332 SSC is a multifunction device that 
provides the common functions necessary to support the MicroVAX 78032 and CVAX 78034 CPU. 
It includes support logic for an external ROM, two asynchronous serial-line ports, programmable 
address decoders, programmable timers, and a realtime clock. 
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- Features 


: High performance 
—}32-bit internal and external data path 
—1 Kbyte on-chip instruction/data cache 
—Pipelined architecture 
—TInstruction prefetch — 


« VAX instruction set 
— 304 instructions (59 emulated) 
—21 address modes 
—14 data types 


- Sixteen 32-bit general purpose registers 


- 22 interrupt levels 
—15 software 
=] hardware 


Description 


| Optimized floating- -point oe ere interface 








« Vectored software and hardware interrupts 


» VAX memory management 
—Full memory protection 
—Four privilege modes 
_ —Process and system space mapped 


- 4 gigabyte virtual address space 


1 gigabyte physical address space 
—512 megabyte memory space 
—512 megabyte I/O space 


« Data parity checking 


« Industry compatible external astertace 





- Single 5-volt power supply 


= 84-pin surfacemount package 


The CVAX 78034 Central Processing Unit (CVAX CPU) is a 32-bit, virtual memory microprocessor. 
Implemented in a double-metal CMOS process, the CVAX CPU is a low-cost, high-performance 
microprocessor for single-board computers, single-user workstations, low-end systems, and other 
applications such as multiprocessing configurations. The CVAX CPU is functionally compatible 
with the MicroVAX 78032 CPU and offers the system designer software compatibility, faster bus 
cycle times, a 1-KByte on-chip cache, and an optimized interface for the CVAX 78134 Floating- 
point Accelerator (CFPA). Figure 1 is a block diagram of the CVAX 78034 CPU. 
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Figure 1» CVAX 78034 Microprocessor Block Diagram 
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. Pin sind Signal Descriptions 


This section provides a fissciiiting of the input and output signals and power ard foand 
connections used by the CVAX 78034 CPU. The signal pin assignments are identified i in Figure 2 
and summarized i in Table 1. 
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DAL24 


DAL23 | 
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DALI 
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| paLi7 | 


DAL16 DAL14 


DALIS | 


DAL13 


DAL 12 


DAL1O— 


DALI? 


DALOB 


DALOS 


DALOG 


DALO? 


DALO4 


DALOS | 























voo 
vob vss 
“VDD vss: 
“DAL25 DALO3 
DAL26 DALO2 
DAL27 DALOT 
DAL28 DALOO 
DAL29 BMO 
DAL30 BM1 
DAL31 Bm2 
vob CVAX 78034 CPU aM 
vss CSDPO 
CPOATS CSOP1 
CPDAT4 CSOP2 
CPDATS CSDP3 
cPDAT2 OPE 
_CPDAT! - VSS 
_ CPDATO vod 
arath RESET 
| CPSTAO CLKA 
ina CLKB 
maz | ini | sewer | rac? | voo | owe | owe | wor | ce | oer | 
iRa3 PWAFL «TEST/VSS «vss. DMR ERR AS wR 
Figure 2 = CVAX 78034 Pin Assignments 
Table 1 » CVAX 78034 CPU Pin and Signal Summary 
Pin Signal Input/Output. Definition/Function 
84-78, DAL<31:00> Input/Output Data/Address Lines—Time-multiplexed data and 
74-54, address lines used to transfer address and data informa- 
50 -47 tion between the CVAX CPU and memory, external 
processor registers, CFPA, or I/O devices. 
39-42 CSDP <3:0> pape IuEput Control Status and Data Parity—Time-multiplexed 
| lines used to transfer cycle status information and data 
parity. a 
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Pin Signal Input/Output | Definition/Function | 
38 DPE ee) Tapa Output Data Parity Enable—A sional ae to ‘Guble parity 
: checking and to indicate valid parity information on 
CSDP< 30>. 
30: 5: AR: Input/Output Address Sthobe—A stiObe ae inlichted te initial 


" information on DAL<31:00> and CSDP<3:0> is 
_ valid. The leading edge can be used to latch the 


: information on the lines. 


29 DS... Output Data Strobe—A strobe, that indicates to the system 
eae | interface that DAL<31: 00> and CSDP<3:0> are 
ready to receive data during a CPU read, external 

“processor register read; or interrupt acknowledge cycle. 

Tt is deasserted to indicate that the data has been 

received. It also contains valid outgoing data during a 

. CPU write cycle or external processor register write 

: cycle and is deasserted when the data is ready to be 








| ve removed. 7 7 

43-46 | BM<3.0> | Output aoe | Byte. Mate cae hich bites of DAL data a 
4... associated parity bits are valid during the second part of 

: -an I/O cycle. ao - ee | 

32° WRit ate be Output ae Write—Specifies the direction o data transfer o on 1 the 
31 DBE | Output | Dats Butter Fnable—Used ee WR to control exter: 


| nal DAL transceivers. 





27 RDY Input Ready -—-Asserted by Rao logic to jdicat the nor- 
= 48 ; mal termination of the current bus cycle. RDY and ERR 
can be asserted together to request a retry of the bus 

| | cycle. ae 
28 ERR lnplit. ais ae has Wy by external logic to indicate the 
| abnormal termination of the current bus cycle. ERR 
~ and RDY can be asserted together to request a retry of 

~ the bus cycle. 





35... 44 RESET. _ : Input. ry . Reset—Asserted by external logic to initialize the 
patie 4 ‘ , CVAX CPU to a predetermined initial state. 
19 can HALT 7 Input | = -Halt—A nonmaskable interrupt used to transfer con- 
| | trol to.console macrocode. 


14-11 TRO<3:0> Input | Interrupt Request—Four maskable interrupt Tequest 
lines for device i interrupts. 





8 2 PWRFL Input | ~— Powerfail—A maskable interrupt aed to die a 
| | __ powerfail condition. | | 
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Pin Signal 

16 CRD 

15 INTTIM 

17 MEMERR 

26 DMR 

25 DMG 

24. COIL 

3-8 CPDAT <5:0> 
9,10 CPSTA <1:0> 
1°21.36..:.Va 

53,76,77 

2,22,37, Veg 

51,52,75 | 
34,33 CLKA,CLKB 
23 CWB 

20 TEST/Ves 
Data/Address 


Preliminary — CVAX 78034 


Input/Output Definition/Function | 


Input | 


Input 


Input 


Input 
| Output _ 


Input 


Input/Output 


Input/Output 
Input 


Input 


| Input 


Output 


Input 


Corrected Read Data—A maskable interrupt used to 
signal an ECC correctable read error in a memory 


‘subsystem. 


Interval Timer—A maskable interrupt used to provide 
system timing information from the interval timer. 


Memory Error—A maskable interrupt used to indicate 
a memory error. 


DMA Request—Asserted by external logic to request a 


DMA cycle. 


DMA Grant—Asserted by the CVAX CPU to acknowl- 
edge a DMA request. 


Cache Control—Used by external logic to control the 
operation of the internal cache memory during DMA 
and CPU read cycles. 


Coprocessor Data—Used to transfer opcode, control 
information, condition code, and exception status 
between the CVAX CPU and the CFPA. 


Coprocessor Status—Used to transfer status informa- 
tion between the CVAX CPU and the CFPA. 


Voltage—5-volt power supply. 
Ground—Ground reference. 


Clock A and Clock B—Supply the basic clock timing to 
the CVAX CPU. CLKA and CLKB are phase shifted by 
180 degrees. These inputs are nominal 20-MHz, MOS 
level, square-wave signals. 


Clear Write Buffer—Used to indicate that conditions 
internal to the CPU require the external write buffer (if 


included) to be cleared. This signal provides test infor- 


mation when the TEST input is asserted and its test 
Output is reserved for chip manufacturing test. 


Test/V,;—Reserved for chip manufacturing test. TEST 
must be connected to V., when not in test mode. 


Data/Address Lines (DAL < 31: 00>)—These 2 are 2 uicieeiondl time-multiplexed lines used to 
transfer address, data, and interrupt information. The information on DAL< 31:00 > depends on 
the type of bus cycle being executed. During the first part of a CPU read or CPU write cycle, 
DAL <31:00> specify the length of the memory operand and DAL<29:02> contain the 
longword address of the memory operand. DAL29 is used to distinguish a memory space address 
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from an I/O space address. DAL < 01:00 >. are reserved. BM < 3:0 > determine which byte(s) of the 
longword address are to be used. Refer to the Seed Access Protocol section ot additional 
information. The DAL Ap ueieeik is eeunee in Table 2 


ape 2 2s ‘CVAX 78034 Data and Address Line Information | 


DAL Ae aa na DAL Type | = DAL ~—  DAL<01:00>. 
31. 30 i DD a ens ere osetia PE GOS ann nt | a 





DNA heed 0s ar em .- Jongword address. reserved — 





ze 4 


0 
0. | quadword bya cde 
1 





0 
Ox 
DMA octaword eee ee ee 


eee i first. part of. an interrupt, acknowledge cycle, DAL <6: 02 > transfer the, Interrupt 
Priority Level ( (IPL). (hexadecimal), of, the i interrupt. being acknowledged. During the first part of an 
external processor register, read or write bus ycle, DAL<.07:02 > contain the. Internal Processor 
Register (IPR) number that i is being accessed, During the second part of a CPU read. cycle, external 
processor register read, or interrupt acknowledge cycle, DAL <31:00> receive incoming informa- 
tion. During the. second (part of. a CPU write or. external PRDPESSOF, ‘Tegister write cycle, 


DAL <31:00> are used to transmit the data to be written. 


Cycle Status and Data Parity (CSDP<3:0>)—These sinsepialvedeeed lines transfer cycle st: 

and data parity information. between the CPU and external devices, During the first. part of a bus 
cycle, C CSDP<2:0> and WR provide status information of the current bus cycle a as listed i in Table 3. 
CSDP3 indicates the set in the internal cache memory ‘that is being. allocated during: a cachable read 
operation and is undefined, during, all, other bus eyes, ‘CSDP3 is asserted: to: specify. set 1 1 and 
negated t to specify set ee | 














SDP -Bus i type 


eo request D (D-stream read i) 
a i “reserved — ree A 
L 


external IPR Bread 








interrupt imac eeu 





. request I-stream read 





_ demand D-s stream read (locky™ 





aidemand: D- stream read pane aN intent 








ee reserved _ 


ie reserved © 





a 
aL 


H 
1s 
H 
L 
H | demand D-s stream read (no lock or modity intent) 
H 
L 


= external IPR write - 
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ee 1 0 | | bie ae 
L van H H ; | eae for use by DMA devices | 
L HE ge LO besettved’ © 
L ae: L #H write unlock’ 
L -H- H- L reserved) 
i H Fi |  H.| write no unlock 





*H =high level, L=low level 


During the second part of a bus cycle, CSDP <3:0> transfer byte parity. ae for DAL line 
data during a CPU read, CPU write, or external processor write cycle. Parity checking is not 
performed during external processor register read cycles or during transfers between the CPU and 
the optional floating-point accelerator. Even parity is checked or generated on even bytes, and odd 
parity is checked or generated on odd bytes. During a CPU read cycle, the CPU reads and checks the 
data parity on the bytes specified by the BM<3:0> information. During a CPU write or external 
processor register write transaction, the CPU generates data parity for all bytes regardless of the 
state of BM<3:0>. The DPE signal specifies when the CPU is to check or generate parity. It must 
not be asserted during external processér register read « operations or during transfers between the 
CPU and the optional floating-point accelerator. 


Data Parity Enable (DPE)— This bidirectional signal controls! the e checking or generation of data 
parity. During a CPU read cycle or interrupt acknowledge cycle, DPE is asserted by external logic 
with the DAL data to enable parity checking by the CPU of the i incoming data. During a CPU. write 
cycle or external processot register write cycle, the CPU asserts DPE to indicate that valid parity 
information is on CSDP< 3:0 >. DPE must not be asserted during external processor register read 
transfers or transfers between the CPU and the optional floating-point accelerator. DPE requires an 
external pullup resistor and must be a la by an external interface that requires the CPU to check 
parity. 


Bus Control 

Addtess Strobe (AS)—This bidirectional signal indicates that valid address information is on the 
DAL lines. The CPU asserts AS: to indicate that the address and control information on 
DAL <31:00> and CSDP<3:0> is valid. During a DMA transfer, the CPU uses the assertion of 
AS by the DMA device to latch the DMA address. The CPU uses this address during a DMA cache 
invalidate cycle. 


Data Strobe (DS)—This signal — timing er dae ie data transfers. During < a CPU Perl 
external processor register read, or interrupt acknowledge bus cycle, the CPU asserts DS to indicate 
that DAL < 31:00 > and CSDP<3:0> are available to receive incoming data and deasserts DS to 
indicate that the incoming data has been latched into the CPU. During a CPU write or external 
processor register write. cycle, the CPU asserts DS to- indicate that. DAL<31:00> and 
CSDP<3:0> ‘contain valid outgoing data. It deasserts DS to indicate that the data is about 
to be removed. 


Byte Masks (BM< 320 > ya Thee is feidibate which ee of the DAL lines contain nvalid data. 
During a CPU read cycle, they indicate the bytes of data and associated parity bits that are to be 
transferred onto the DAL and CSDP lines. During a CPU write cycle, they indicate the bytes of the 
DAL lines and CSDP lines that contain valid data and parity information. The BM<3:0> line 
information is qualified by the assertion AS. | 
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Write (WR)—This signal indicates the direction of data transfer on the DAL bus for the current 
bus cycle. When asserted during a CPU bus cycle, the CPU will-transfer data onto'the DAL lines. 
When deasserted during a CPU bus cycle, the CPU will read data from the, DAL lines.. WR can be 
used. to control the direction of the external DAL. transceivers inputs. WR is ayalified i the 


assertion of AS. | : | 
Data Buffer Enable (DBE)—This sigital and’ WR i is ih to ‘Sate ee DALt transceivers. The 
CPU asserts DBE to:enable the DAL transceivers: saath siete DBE ton ‘disable: the } AL 


transceivers. DBE is qualified by the assertion of AS... Srraryes ne 
Ready (RDY)—This, signal is asserted by external. ei to siecdivese: she ovmnal t termination Se ae 
current tbus eae It ey also be coaidaitd niiths ie error stakes ERR pages a ose of the: current 


current bus ole Ie may y also be asserted with RBY RDY to request a Bees of the ¢ current bus soe! 


Syaten Control! Nee ee slovsoriel yrars be } 
Reset (RESET) —This signal is eee be see logic’ to frce the CPU to its  thitial: ea 
state. one reou9!. vronref 





times eater. Ag di tet ! ante aes it oe iso nies ee Aus a ee a 
Interrupt Rakacwe T Gz <3:0>)—These signals allow external logic to transfer interrupt requests 
to the CPU. The CPU responds to the assertion of one or more of these signals by executing an 
interrupt acknowledge bus cycle for the highest pending Interrupt Priority Level (IPL): The IPL 
associated with each line is tase in Table’4. 











The a <3! ad ees are level sensitive and are 








satopled every seaaieaiasaies cf 
Table 4+ CVAX 78034 4 over Resuen Line 71 Assigmens 
Line “Interrupt Priority " 2 a ieee Cis iG 
Level dheidectinaty” ee a ore 8 
IRQ3 IPL 17 _ loi) WOIRIGON GrOQ- er tealt 








Powerfail (PWRFL)—This signal allows external logic to notify the CVAX CPU of a power failure. 
When asserted, it results in the generation of an interrupt at IPL 1E (hexadecimal). The CPU 
responds to the interrupt by accessing System Control Block (SCB) vector OC (hexadecimal). The 
CPU does not execute an interrupt acknowledge bus cycle when responding to this interrupt. This 
signal is edge-sensitive, sampled every microcycle, and internally synchronized by the CPU. __ 


Corrected Read Data (CRD)—This signal allows external logic to notify the CPU of an ECC error in 
memory. Asserting | this signal results in the, generation of an interrupt ; at IPL. 1A (hexadecimal). 
The CPU responds to this interrupt by accessing SCB vector 54 (hexadecimal). The CPU does not 
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execute an interrupt acknowledge bus cycle when responding to this interrupt. This signal is edge- 
sensitive, sampled every microcycle, and internally synchronized by the CPU: : . 


Interval Timer (INTTIM)—This signal allows external logic to signal an interval timer rollover to 
the CPU. The assertion of this signal results in’ the generation of an interrupt at IPL 16 
(hexadecimal). The CPU responds to this interrupt by accessing SCB vector CO (hexadecimal). The 
CPU does not execute an interrupt acknowledge bus cycle when responding to. this i ‘interrupt. It is is 
edge-sensitive, sampled every microcycle, and internally synchronized by the CPU. 


Memory Error (MEMERR)— This signal allows external logic to indicate to the CPU that a saat 
error has been detected. The assertion of this signal results in the generation of an interrupt at IPL 
1D (hexadecimal). The CPU responds to this interrupt by accessing SCB vector 60 (hexadecimal) 
and does not execute an interrupt acknowledge bus cycle. MEMERR provides support for the 
implementation of a memory subsystem with multiple write buffers or delayed write ‘transfers. 
When the CPU writes to this type of memory subsystem, the address and data are latched and the 
RDY signal is asserted. If an error occurs it is reported to the CPU when MEMERR is asserted. It is 
Cee CRN, sampled every microcycle, and internally synchronized by the CPU.. 


Direct Memory Access Conttal 

DMA Request (DMR)—This signal allows external logic to request use of the DAL and sisted 
control signals for a DMA transfers or for other purposes. It is a level- sensitive signal, sampled 
every microcycle, and internally synchronized by the CPU. 


DMA Grant (DMG)—This signal j is asserted by the CPU to grant control - the I DAL noe and 
related control signals to external nal logic. The CPU sets the DAL<31:00> AS, DS, BM<3:0>5, 
DBE, DPE, CSDP<3:0>, and WR lines to a high-impedance state. When sxterhel logic deassert 
DMR, the CPU responds by steapscrting t DMG and by starting the next bus none crt 








Cache Control | | 

Cache Control (CCTL)—The function of this signal aids on ithe type of bie ee, 

During a DMA cycle, the assertion of this signal by external logic initiates a conditional cache 
invalidate cycle. CCTL is edge-sensitive, sampled every microcycle, and intemmeny synchronized by 
the CPU. Zeltmssies . = Boa 

During a CPU read cycle, this signal i is seed to prevent che ree den from being stored in the 
internal cache memory of the CPU. CCTL is level-sensitive and must be asserted synchronously 
with the timing sampling point for the CPU read cycle. 








Floating-point Accelerator Control 


FPA Data (CPDAT <5:0>)—These bidirectional lines transfer opcodes, control information . 


condition codes, and exception status information between the CVAX CPU and the CVAX FPA. 


FPA Status (CPSTA < 1:0 > )—These bidirectional lines indicate the interpretation of the CPDAT 
<5:0 > line information to the CVAX CPU or CVAX FPA. 


Power Supply | 
Voltage (Von) —5- volt | power euply 


Ground (V,.)—Ground reference . 


Clock Timing 


Clock A and Clock B (CLKA and CLKB)—Thes¢ i inputs supply the basic clock: timing to’ the CVAX 
CPU. The inputs are nominally 20 MHz and are MOS- level square-v wave signals. CLEA i is phase 


shifted from CBKB by 180 degrees. 
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Preliminary — 


Miscellaneous 

Clear Write Buffer (CWB)—This signal is asserted by the CPU to indicate that sittiial dbtiditioné 
of the CPU require clearing of the external write buffer (if included). This signal provides test 
information when the TEST input is ee It is reserved for manufacturing test. The CPU 
asserts CWB 3 


: At the start of an instruction or sequence that can change the processor state. These are CHMx, 
REL, start of an interrupt, exception or abort (including machine check, BPT, etc.), or entry to ) the 
console (including HALT). 





- Asa part of an instruction or sequence ‘that can change context such as end of LDPCTX or end of 
SVPCTX. 





- Asa part of an instruction. or r sequence ‘inmolyethir in error: recovery yous as a write to he MAPEN, 
-CADR, or MSER registers. 





Test (TEST) —Reserved for inden test. This inpist i provides ¢ che! ground fase thé AS oe 


and must be connected to Vss during normal BeRBOD, 


Architecture Summary 


The programming model for the CVAX 78034 prcbitectire | is shown in Pine 3. Itis grouped i into 
application programming (user) area and system programming area. 


The sixteen general registers and Processor Status Word (PSW) are user accessible. The system 
registers are privileged registers that are used by the operating system. These registers are used for 
context switching, memory management, cache memory control, reporting of memory subsystem 
status, exception and i satis arcu and p eee control. 


APPLICATIONS PROGRAMMING 
GENERAL REGISTERS 


- PROCESSOR STATUS WORD 





22H SYSTEM). PROGRAMMING ae 
PROCESS CONTROL REGISTERS 9 INTERRUPT, UAEGISTERS, 





PCBB | SISR iE 


MEMORY MANAGEMENT REGISTERS, 


_ASTLVL 





Figure 3» CVAX 78034 Programming Moar” 
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General Registers earieites 
The CVAX 78034 has sixteen 32-bit general registers thiat: can be used for ‘armed ee as 
accumulators, base registers, and index registers. The registers used for specific functions are the 
Stack Pointer (SP), Argument Pointer (AP), Frame Pointer (FP), and Program Counter (PC). ~ 


Stack Pointer (SP)—Five SP registers are included, one for each operating mode of the processor 
and one for use by the system when handling interrupts. The SP contains the address of the 
processor, defined stack. The , stack pointer(s) used is determined by the operating mode of the 
processor. : 


Argument Pointer (AP)—The VAX procedure call convention uses a data structure called | an 
argument list. The AP register contains the address of the base of this structure. 


Frame Pointer (FP)—The VAX procedure call convention builds a data structure on the oon) called 
a stack frame. The FP register contains the address of the base of this’ structure. . 


Program Counter (PC)—The PC register contains the address of cas next t byte of the program and 
is not used.as an accumulator, index, or temporary register. 


Processor Status Word (PSW)—The PSW contains the condition codes and trap enable “fags for 
the CVAX 78034 CPU. The PSW is the user accessible portion of the processor status longword. _ 
The lower 16 bits of the PSL contain the PSW. The format of the PSW i is shown i in Figure 4 and 

described in Table 5. — 





Figure 4» CVAX 78034 Processor Status Word eee 


Table 5 » CVAX 78034 Processor Status Word Description 
Bit Description eee 
15:08 _MBZ—Must be zero. 
07:04 Trap enable flags—These bits are used to enable traps to occur in special circumstances. 


DV (Decimal overflow)—Used by macrocode i in the emulation of decimal instructions. 


FU (Floating underflow)—When set, this bit causes a floating underflow trap after an 
instruction that produced a floating result too small in magnitude to be represented. 


IV (Integer overflow)—When set, this bit causes an integer overflow trap after an 
instruction that produced an integer result that couldn not be correctly represented in the 
space provided. © Seoiinaseeee Bind : 

T (Trace)—When set, this bit causes a trace trap to occur after execution of the next 
instruction. 





03:00 Condition Codes—These bits contain information ad to the result of the last CPU 
arithmetic or logical operation. The bits are set as follows: ~~ 


N=1 if the result was negative. 

Z=1if the result y was zero. Bee cn 

V =1 if the operation resulted in an arithmetic overflow. 

C= 1 if the operand resulted in a carry out of or borrow into the most significant bit. 
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Preliminary ~— 


Process Control Registers 
The process control registers 2 are os by the pea to access s the system control block and the 
process control block. : 7 


System Control Block Base register (SCBB)—The SCBB register contains the base address of the 
System Control Block (SCB). The SCB contains the vectors uséd’ for Ine insértupts and 
exceptions. 


Process Control Block Base register (PCBB)— The PCBB contains the base address of the Process 
Control Block (PCB). The PCB contains the hardware context 7 the current process. 


Memory Management Registers ie 

These registers are used by the system to enable ne eer memory management unit of the. 
CVAX CPU and to access the page-table entries in memory used to translate virtual addresses into 
physical addresses. The function of each of these registers is desctibed in the Memory Management 
section. 


Interrupt Registers ! 

These registers are used to control the interrupt system sr processor: they monitor alee 
requests, current interrupt priority level, and the interrupt stack pointer. The unset of each of 
these registers is, desetibed i in the File sts and eters section. . aes 


Memory Suascts Regine : ta MABE AAV! 
These registers are used to control. chee openation of she antesnal: lied ees ntl to report status: 
and errors for both the cache memory and the external memory subsystem. © : | 
Cache Disable Register (CADR)—The CADR controls the internal cache memory. This : register 
enables and disables:cache memory operation, selects the set (Set 1 and Set 2) to be used, and. 


selects the type of reference(s) to be stored. The format of the CADR mone is shown in a 5 
and described in Table 6. | tS ccc itl ote pleat uxvena td? 


31 | | | 08079605 0403 30201 00. 





: CADR 


ene 5 CVAX 78034 Cache Disable Resistor Format 


Table 6 « CVAX 78034 Cache Disable Register Description 


Bit —— Description 





31:08 Read ae zeros 





07:06. SEN (Set enable)—These bits are read/write and are used to enable Set 1 and Set 2 
sections of cache memory. 


Bit Set2 scien Seed 

07 Gees samen : 

0 0 disabled —_ disabled 
0 1 disabled — enabled 

1 (0 enabled’ - disabled © 
1 1 enabled == ~— enabled > 
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Bit Description 





05:04 CEN (Cache Sable) These adigtte bits are me to Seneble aa and. to ie ‘ 
type of references to be stored in cache. — 


Bit Result 
05 04 
0 0 _cache disabled ee: oe 
0 1  —_‘~ D-stream only (for diagnostic use). 
1 0 I-stream only 
1 1 I-stream and D-stream 
03:02 _ Read as ones. | ! 
01 WwW (Write wrong parity)—This_ bit j is, set to cause wrong parity to he. stored es the 
cache is written. 
00 DIA (Diagnostic)—This bit is set to select diagnostic mode for cache memory. The cache, 


cannot be cleared when this bit is set. 





When CADR bits 5:4 select I-stream only (10) to be stored in cache, the CVAX CPU automatically 
clears the cache when an REI instruction is:executed. The REI instruction must be executed prior 
to running code from an updated page of memory as defined by the VAX System Reference Manual 
(VAX SRM). Therefore, systems that adhere to the VAX SRM are not required to monitor DMA 
write operations in order to prevent stale data from accumulating in the cache. When CADR bits 
5:4 select D-stream only (01) or I-stream and D-stream (11), invalidate-on-hit cycles must be used to 
remove stale data from the cache. | 


Diagnostic mode should be sdlecied only when one set (Set 1 or Set 2) is enabled, The diagnostic 
mode prevents clearing of the cache when the CADR is written.: , 


Memory System Error Register (MSER)—The MSER contains status and error information for the 
internal cache memory and the external memory subsystem. The format of the MSER register is 
shown in Figure 6 and described in Table 7. 








ai A ee, 080706050403020100 
} | MSER 
Figure 6» CVAX 78034 Memory System Error Register Format 
Table 7 » CVAX 78034 Memory System Error Register Description | | 

Bit —_ Description’ | 

31:08 Read as zeros. eat ee 

07 HM (Hit/Miss)— Set for a cache miss and cleared for a cache hit. 

06 DAL (DAL parity)—Set when a parity error is detected on the DAL during a demand or 


request read operation. It is cleared by writing to the MSER. 





05 MCD (Machine check on DAL parity error)—Set when a DAL parity error causes a 
machine check. It is cleared by writing to the MSER. 
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Bit Description a | 
04. “MCC (Machine check on cnet parity error)—Set when a cache parity error (tag or data) 


causes a machine check. It is cleared by writing to the MSER. 
03:02 1—Read as ones. — 


01 DAT (Cache parity error in data)—Set when the cache parity error was deteqted in the 
data. It is cleared by writing to the MSER. 


00 TAG (Cache parity error in tag)—Set when the ihe pitty error was in the tag. It is 
cleared by writing to the MSER. This is the only bit set when a cache oo has a pany 
error in both i its tag and data.. ae ei 


Processor Status Longword ere PSL contains processor status ee ‘The lower 16 
bits are the user accessible Processor Status Word (PSW). The upper 16 bits are privileged and 
accessed only by the system. The format of the PSL is shown in Figure 7 and described i in 1 Table 8. 

Refer to the Cache Memory section for a description of the PSW. | 


31302928 27 2625 242322 2120 1615 | 00 
| | Imezi _ PROCESSOR STATUS WORD > | :PSL 





Figure 7 CVAX 78034 Processor Status Longword Format. 





Table 8. CVAX 78034 4 Processor Status ; ny eeigwond Description oe =o 





Bit | = Description - a 
31 MBZ—Mustbe zero. ~ 


30 TP (Trace pending)—Forces a trace trap when set at the beginning of any instruction. Set 
by the processor if the q bit in n the PSW is is set at the pepinning 0 e an instruction. 








29:28 MBZ—Must bez Zero. 


27 FPD (Fi irst part Aguelicser when an exception or interrupt occurs during an instruction 
that can be suspended. If FPD is set when the processor returns from an éxception or 
interrupt, it resumes the interrupted operation from where it stopped rather than 
restarting the complete i instruction. 





26 IS (Interrubt stack)—Set when the processor i is s executing on the interrupt retack.> 
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| | | 
Danae S 

— saab a ae 
Tit eee Ou ee 





Bit Description nongroe! | wil 


25:24, CUR MOD. (Current mode)—Indicates the access mode of the curtently executing 
process. ai ees 


Bi oo Mode 
DD! a: eb Bectiepat ies 





Or Oke Reneh 
Oo 1 Executive, 
pide act ..d0:xpere -OUDREVISOE 


Bo as, ren bete nant SISO wig AE i 


23:22 PRV MOD Peto eer an eT Ae from CUR MOD cm 25:24 by exceptions and 
Soon Change mode (CHMx) instructions. Cleared by interrupts. and A resipred, by Return from 
ieee Exception or Interrupt (RED) i instruction. | | 





21 ales MBZ--Must be zero. 





20:16 IPL (Interrupt Priority Level)—Contains the current processor priority in the range 0 to 
1F (hexadecimal). The processor will accept aa one on ies peta: than the its 
current IPL. : Gh OS Se 2. 


15:00 Proceskor Status Word—Contains processor status that isaccessible ey the user. 


Implementation Specific Registers 
The registers that are specific to the CVAX 78034 CPU are the Interval Clock, Control and Status 
(ICCS) register, Console Saved PSL (SAVPSL) register, and the Console Saved PC (SAVPC) register. 


Interval Clock, Control, and Status Register (ICCS)—The ICCS register, Figure 8, controls the 
interval timer interrupt. It contains a read/write IE bit 06 that is used to enable or disable interval 
timer interrupts generated by the assertion of the IN TTIM input. When this bit is set, the interval 
timer interrupts are enabled and the assertion of INTTIM results in an interrupt request at IPL 16 
(hexadecimal). When this bit i is clear, the interval timer interrupts are disabled and the assertion of 
INTTIM does not generate an interrupt Se Bits 31:07 and 05:00 are.read as.zeros and are 
ignored one write operations. 3 7 | 


' 


neces 





1» igure 8 « CVAX 78034 Interval Clock, Control, and Status Register Format 
Console Saved Registers (SAVPC and SAVPSL)—The SAVPC and SAVPSL registers record the value 
of the PC and PSL when the CVAX CPU restarts: The SAVPC register contains the previous value of 
the PC before the restart operation. The SAVPC and SAVPSL register formats are shown in Figure 9. 
The SAVPSL register contains the information described in Table 9 
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_ SAVED PROGRAM COUNTER ee SAP 


16 16 1413 0807 


‘SAVPSL , 





MAPEN— ! VALID STACK FLAG 


ss : vs De eu 78034 Console Saved eet Rosn - "3 | 


Table 9= CVAX 78034 Console Saved Processor Status Longword — Description 


Bit 


Description 





31:16 
on 
14 

13:08 


PSL (Processor Status Longword)—Contains the p previous P s PSL vale 7 
MAPEN (Map Enable) — Set toenablethe map. - 
Valid stack flag—Set to indicate a valid stack flag. 


Restart Code—Contains the restart code (hexadecimal) as follows = 


Code ‘+ Definition... 


Sp PON auRWN 


HALT asserted 


Initial power on 
* interrupt stack not valididuring exception — 


machine check normal exception 


'” HALT instruction executed in kernel mode — 
__SCB vector bits 01;00= 11. __ 
~ SCB vector bits 01:00 = 10 


CHMx executed while on interrupt stack 

ACV or TNV during machine check exception _ 

ACV or TNV during kernel stack not valid exception =~ 
machine check during machine check exception 

machine check during kernel stack not valid exception ~~ ~~~ 
PSL bits 26:24 = 101 during interrupt or exception | 
PSL bits 26:24 = 110 during interrupt or exception 
PSL bits 26:24 = 111 during interrupt or ars 4 
PSL bits 26:24 = 101 during REI 

PSL bits 26:24 = 110 during REI 

PSL bitd 26:24 = 111 during REI 





07: 00 PSW (Processor Status Word)— Contains the previons PSW value. 


System Identification Register (SID) —The SID register isa ead only fauisiee that specifies a 
processor type as a CVAX CPU and defines its microcode revision level. Figure 10 shows the register 


format. 
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Preliminary CVAX 78034 


31 2423 0807 00 


10 (DECIMAL) RESERVED MICROCODE REV. 


Figure 10 * CVAX 78034 System Identification Register Format 





The architecture of the CVAX 78034 supports the following data types: byte, word, longword, 
quadword, character string, variable-length bit field, and, through the optional floating-point 
accelerator, F_floating, D_floating, and G_floating. Figures 11 shows the integer, character string, 
and field data types. Figure 12 shows the floating-point data types. 


1-16 


WORD 


7A BYTE 





LONGWORD ; : a ies 
31 beige sett . seep aesibeary : sen: 00 





QUADWORD pep eektieg ty ot 





A 
:At4 


CHARACTER STRING 
07 __00 





VARIABLE LENGTH BIT FIELD 


PTS P+S-1 





FRREFRRFFRREFRRERRPPRFPRREPPPPRFFP a a 


Figure 11» CVAX 78034 Integer, Character String, and Field Data Types 
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D_FLOATING | 
15 «14 _ r 07. 06 | 00 
EXPONENT ae FRACTION ‘A 
— FRACTION. :A+2 
FRACTION | :At4 
:At+6 
= | | | _ | 48 
F_FLOATING 
15 14 | 07 06 00 
tA 
FRACTION # -A+2 
G_FLOATING 
15 «14 04 «= «3 00 
‘A 
FRACTION °° tas, ae Tale ee | :A+2 
FRACTION. ? eh tb: tA+4 
FRACTION :At6 





Figure 12» CVAX 78034 Floating-point Data Types 


- Instruction Formats 


The VAX instruction set has a variable-length instruction format that may be one byte or more 
depending on the type of instruction. The general format of a VAX instruction is shown in Figure 
13. Each instruction is made up of an operation code (opcode) followed by no operand or up to six 
operand specifiers. The number and type of operand specifiers depend on the opcode. All operand 
specifiers are similar and consist of an address mode plus additional information used to locate the 
operand. This additional information contains up to two register designators and addresses, data, 
or displacement values. The use of the operand is determined implicitly from the opcode and is the 
operand type. It includes both the access type and the data type. — 
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OPCODE (1 OR 2 BYTES 
OPERAND SPECIFIER 1 


OPERAND SPECIFIER 2 


OPERAND SPECIFIER 3 


OPERAND SPECIFIER 6 





Figure 13» CVAX 78034 Instruction Format 


Opcode Format a 7 ee ben 
Each VAX instriiction contains an opcode that specifies the desired operation to be performed. The 
opcode may be one or two bytes depending on the contents of the byte at address A. The opcode is 
two bytes if the value of the byte at address A is FD (hexadecimal). Figure 14 shows the opcode 
format. a | | Oo ie 


ONE BYTE OPCODE: 


OF! ok 00, 





OPCODE ‘A 


TWO BYTE OPCODE: 


1s 





Figure 14» CVAX 78034 Opcode Format 
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Operand Type : | an es See 
The operand type specifies the use of the operand associated ies an instruction. Te tonaialion 
provided by the opcode includes the data type of each operand and its method of access. An 
operand may be accessed as follows: 





' Read—The specified operand is read-only. ! 
- Write—The specified operand is write-only. _ 
. Modify—The specified operand i is ‘tead, may or may not be modified, and i is written. 


- Address—Address calculation occurs until the actual address of the Oey is obtained. In dis 
mode, the data type indicates the operand size to be used in the address calculation. The 
specified operand is not accessed directly although the instruction may use ¢ the oe to access 
that operand. 7 





= Variable bit field base address—If only R[n] is specified, the field is in general ristes Rin i in 
R[n+ 1]’R[n] (.e., RIn+ 1] concatenated with R[n]). Otherwise, the address calculation occurs 
until the actual eddies of the operand is obtained. This address Speriiics the base to ma the 
field position (offset) is applied. 


- Branch—No operand is accessed. The operand spetilier 3 is the branch displacement. In the 
specifier, the data type indicates the size of the branch displacement. aie 


- Addressing Modes eS a 


A summary of the addressing modes used by the CVAX 78034 i is listed in , Table 10. A brief 
description of each mode follows. 


Table 10 » CVAX 78034 Summary of Addressing Modes | 


General Register Addressing Mode are 
Access 


Hexadecimal Name Assembler rt m w a v PC SP Indexable? 

0-3 nee S’#lieral y f f£ f f - - f 

: | register so eteene teBR. coc; 3 Ya Men Yoibro Sores woll@er feraiab ar 

ae register deter. (Rn). te iYon I Poradls <j Moin Ws sent sae Bi 

7 ~ autodecrement _(Rn) Yvyy yuteey ne 

8 autoincrement . (Rn)+ oy y yy Y pov y a sy UX 

9 autoincrement ~ @Rn) “y Yoyoyy (psy ux 
deferred’ Pas vas 2 pet EB cee y 

A byte displacement.  B’d(Rn) yoy yo yoyo poly. 9 

BE : byte displacement Bee @B’ d(Rn) yore yury iy cep y Vv 
deferred bbe i tioes J 3 ars Set ats ete a | 

C _ ward-displacement.......,. W* d(Rn).°4.- We... VsoW GaPioll® ccancev otal 

D ~ word displacement - ~@W dRn)y viy v. ea ae ee 
deferred eee ee ee eee “ahehe 

E longword displacement L'd(Rn) a a a ee ee 

F ~ longword disp! acement @L'd(Rn), y y vy yy poy oy.) 

| deferred ee ee = a ieee ne 
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Program Counter Addressing Mode 


Access © 

Hexadecimal Name Assembler r m w av — _Indexable? 
8 immediate I’ #constantv uo oui vy vy. u 
9 absolute @#address:v viovoy. y | ig se ay 
A bvte relative B’ address. yo vovoovey V 
B byte relative deferred @B’addressy vy v vv oy 
C word relative Waddress y vy voy oy Vy 
D -word relative deferred W* address y voy voy ase] 
E longword relative L* address viv vy cy ¥ y 
F longword relative L'address' vy yo yoy oy V 

deferred | 
Addressing Legend 
Access: ae Syntax: 
r = read i = any indexable address mode 
m =modify = d= = displacement 
W. = write, Rn = general register, n = 0 to 15 
a = address Rx = general register, x = 0 to 14. 
Vv = field . 
Results: / 
v = yes, always valid address mode 
f = reserved address mode fault ‘ 
- = logically impossible 
p = program counter addressing 
u = unpredictable 
uq = unpredictable for quad, D_/G_floating, or field if pos + size > 32° 
ux = 


unpredictable if index reg = base reg 


General Register Address Modes 

The general register address modes use one or more general registers, depending on the instruction 
and data type, to contain the operand(s) or information required to locate the operand(s ) to be used 
by the specified instruction. 


Register Mode—The operand is contained in one of the general registers (Rn). 
Register Deferred Mode—Register Rn contains the address of the operand. 


Autoincrement Mode—Register Rn contains the address of the operand. 
After the operand address is determined, the size of the operand in bytes (determined by its data 
type) is added to the contents of Rn and the result is placed in Rn. 


Autoincrement Deferred Mode—Register Rn contains a longword address that is a pointer to the 
operand address. After the operand address has been determined, the value of four i is added to the 
contents of Rn and the contents of Rn are replaced by the result. | 


Autodecrement Mode—The size of the operand in bytes (determined by its data type) is subtracted 
from the contents of Rn and the contents of Rn are replaced by the result. The updated contents of 
Rn are the address of the operand. 
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Literal Mode—Literal mode sates provides an efficient means of specifying integer. constant 
in the range from 0 to 63 (decimal). In addition to short integer literals, this mode can i used t to 
‘specify floating-point literals. The value is contained i in the operand specifier. ‘ 





Displacement Mode—The displacement contained | in the operand specifier, after Céing sign- 
extended to 32 bits if it is a byte or word, is added to the contents of register Rn. The result j is the 
operand address. 


Displacement Deferred Mode—The displacement contained in the operand specifier, after being 
sign-extended to 32 bits if it is a byte or word, is added to the contents of register Rn.. The result is 
the longword address of the operand address. | 


Index Mode—The operand specifier consists of 2 a ‘minimum of two, ie a primary. = opectl 
specifier, and a base operand specifier. The primary operand specifier contained i in bits 0 through 7 
includes the index register (Rx) and a mode specifier of 4. The address of the primary operand is 
determined by multiplying the contents of index register Rx by the size of the primary operand in 
bytes as determined by operand type. This value is then added to the address, specified by the base 
operand specifier (bits 15: 08) and the result i is used as the primary operand address. 


Program Counter Addressing 

Register 15 is used as the Program Counter (PC). It 'can also be used as a register in addressing 
modes. The processor increments the program counter as the opcode, operand specifier, and 
immediate data or addresses of the instruction are evaluated. The incremented value is determined 
by the opcode, number of operand specifiers, etc. The PC can be used with a NAX X seldessing 
modes except register, index, register deferred, or autodecrement. 


Immediate mode—This mode is autoincrement mode when the PC is used as the general register. 
The contents of the location following the addressing mode are immediate data. _ 


Absolute mode—This mode is autoincrement deferred using the PC as the gerieral ee ister eThe 
contents of the location following the addressing mode are used as the operand address. This is 
interpreted as an absolute address (an address that remains constant regardless of the location 
memory where the assembled i instruction is executed). 


Relative mode—This mode is displacement mode with the PC used as the cuca register. The 
displacement that follows the operand specifier is added to the contents of the PC,, and. the result is 
the address of the operand. 


Relative deferred mode—This mode is similar to relative mode except that the aed: that 


follows the addressing mode is added to the contents of the PC; and, the. reeahis is the iedangtgor 
address of the operand. 


Branch Addressing ply qoneiri 
During branch displacement addressing, the byte or word Ere epee is deneseniats to 32 bits 
and added to the updated content of the PC. The aes content of the Pe is, ithe neaeiress of the 
first byte beyond the operand specifier. 4 
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‘This section ‘provides a summary — se VAX instructions apa y Vor CVAX 780 34, th . 

floating- -point instructions supported by the floating- -point accelerator, and the emulated i instruc- 

tions that are assisted by the microcode of the CVAX 78034. ‘The standan rd notation u : ed for the 
operand specifiers is 3 i 





“<data type> yo iepereryerai an : . Bekins PS 905 yet 


1. Name—A suggestive name for the operand in the context of the i instruction. ti is the capitalized 
name of a register or block for implied operands. 





aS name >< access typ e> 


2. Access type—A letter denoting the operand specifier access type. 
* a=address operand a, ie ucin Bee Sib ae © 
b= branch displacement — | fens Se Sere ve ee an = a a 
m= modified operand (both read and written) ; ac ik Ok ee 
r= er only operand | 

=if not “Rn,” same as address ob Saind: Sheik R[n+ 1/Rin] 
w= write only operand 


3. Data type—A letter ‘enpting the ai type of the operand. 
ae =byte | , 
_d=D _floating 
f= - F_floating., 
g=G_floating 
l=longword _ 
q=quadword en, 
v=field ised ony in n implied operands) _ 
w=word eee 
* = =mltiple longwords ey only in implied operands) 


ant are denoted by braces { }. The abbreviations for conditi tion codes a are 
 * =conditionally set/cleared — py ek | 

—=not affected cae a 

0=cleared 

l=set tdi : 

The abbreviations fot exceptions are - 

rsv = reserved operand fault 

iov = integer overflow trap 

idvz = integer divide by zero trap 

fov = floating overflow fault 
~ fav = floating undetflow fault 

fdvz = floating divide by zero fault 

dov = decimal overflow trap 

ddvz= decimal divide by zero trap 

sub = subscript range trap 

prv = privileged instruction fault 











Opcode values are given in hexadecimal. 
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Preliminary CVAX 78034 
- Integer Arithmetic and Logical Instructions Hie Soke: 
OP Mnemonic and Arguments Description N ZV C Exceptions 





58 
80 
CO 
AO. 





81 ADDB3 add1.rb, add2.rb, sum.wb 
C1 ADDL3 add1.rl, add2.rl, sum.wl 
Al ADDW3 add1.rw, add2.rw, sum.ww _ 


78 
79. 


8A 
CA 
AA 


8B 
CB 
AB 


88 
C8 
A8& 
89 
C9 
AY 


93 
D3 
B3 


94 

D4 
1e 
B4 


91 
D1 
Bl 
98 
27 
F6 
F7 
33 
32 


97 
D7 
| 
86 
C6 
AG 


ADAW1 add.rw, sum.mw 
ADDB2 add.rb, sum.mb 
ADDL2 add.rl, sum.ml 

ADDW2 add.rw, sum.mw 


ADWC add.rl, sum.ml 
ASHL cnt.rb sre.rl, dst.wl 
ASHQ cnt.rb sre.rq, dst.wq 


BICB2 mask.rb, dst.mb 
BICL2 mask.rl, dst.ml 
BICW2 mask.rw, dst.mw 


BICB3 mask.rb, src.rb, dst.wb 
BICL3 mask.rl, sre.rl, dst.ml 


BICW3 mask.rw, src.rw, dst.mw_ 
BISB2 mask.rb, dst.mb 


BISL2 mask.rl, dst.ml 
BISW2 mask.rw, dst.mw 


BISB3 mask.rb, sre.rb, dst.mb 
BISL3 mask.rl, src.rl, dst.ml — 


BISW3 mask.rw, sre.rw, dst.mw 


BITB mask.rb, src.rb 
BITL mask.rl, sre.rl 
BITW mask.rw, stc.rw 


CLRB dst.wb 
CLRL dst.wl 
CLRO dst.wq 
CLRW dst.ww 


CMPB srcl.rb, sre2.rb 
CMPL srcl.rl, sre2.r] 
CMPW srcl.rw, src2.rw 
CVTBL src.rb, dst.wl 
CVTBW src.rb, dst.wl 
CVTLB src.rl, dst.wb 
CVTLW src.rl, dst.ww 
CVTWB src.rw, dst.wb 
CVTWL src.rw, dst.wl 


DECB dif.mb 

DECL dif.] 

DECW dif.mw 

DIVB2 divr.rb, quo.mb 
DIVL2 divrrl, quo.ml 
DIVW2 divr.rw, quo.mw 


Add long 2-operand 
Add word 2-operand — 
Add byte 3-operand 
Add long 3-operand 
Add word 3-operand 


~ Add with carry 
_ Arithmetic shift left 


Arithmetic shift quad 

Bit clear byte 2-operand 
Bit clear long 2-operand 
Bit clear word 2-operand 
Bit clear byte 3-operand 


Bit clear long 3-operand 
Bit clear word 3-operand 


Bit set byte 2-operand 


» Bit set long 2-operand 


Bit set word 2-operand 
Bit set byte 3-operand 
Bit set long 3-operand 
Bit set word 3-operand 


Bit test byte 
Bit test long 


Bit test word 


Clear byte 
Clear long 
Clear quad 
Clear word 


| Compare byte 


Compare long 
Compare word 


~ Convert byte to long | 


Convert byte to word 
Convert long to byte 

Convert long to word 
Convert word to byte 
Convert word to long 


Decrement byte 
Decrement long 
Decrement word 


7 Divide byte 2-operand 


Divide long 2-operand 
Divide word 2-operand 
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Add aligned word interlocked 
Add byte 2-operand 


CO co © © % 


oe 


or oe 


ci 


* 
* 
* 


oo oo Co 


lov 7 


10V 
i0V 
i0v 


10V 
iov 
iOv 


iov, idvz 


iov, idvz 
iov, idvz 
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OP Mnemonic and Arguments Description eo eee « os aa 8 ’ Exceptions 
87 | DIVB3 dive rb, divd.rb, quo.wb Divide byte 3-operand RRO. doviidvz: 
C7 DIVL3 divrrl, divd.rl, quo.wl Divide long 3-operand alae iov, idvz — 


0 
x * * 9 
0 
Qos 
* 
ee 


A7 DIVW3 divrrw, divd.rw, quo.ww Divide word 3-operand _ lov, idvz 











7B EDIV divrrl, divd.rg, quo.wl, rem. awl “Extended divide ee cn ioy, idvz . 
7A EMUL mulrrl, muld.rl, add.rl, prod. wq _ Extended multiply ee | | 

96 INCBsum.mb ~ Increment byte tie ee ee as 
D6 INCL sum.ml ii Increment long | phe iov 

B6 INCW sum.mw co Increment word : Bry ie iov 

92. MCOMBssrc.rb, dst.wb ~ - Move complemented byte ek OS 

D2 MCOMLsre.rl, dst.wl Move complemented long ca BB Qh 

B2 MCOMW src.rw,dst.ww = Move complemented word sical | ak 

8E MNEGB sre.rb, dst.wb | | Move negated byte ee OR * joy 

CE MNEGLsre.rl, dst.wl 3 Move negated long UNAS Sy 

AE MNEGW sre.rw, dst.ww : Move negated word — ea iov 

90 MOVB src.rb, dst.wb Move byte a * * QO - 

DO MOVL strc.rl, dst.wl Move long PM Genes 

BO MOVYW strc.rw, dst.ww Move word ~ SO ee hae) cat 

9A MOVZBW sre.rb, dst.wb Move zero-extended byte to word 0 * 0 - 

9B MOVZBL src. rb, dst.wl - _Move-zero-extended byte tolong 0 * 0 = 

3C MOVZWLstc. rw, dst.ww _ Move zero-extended word tolong 0 * 0 - 

84 MULB2 mulr.rb, prod.mb Multiply byte 2-operand #8 0 jov | 

C4 MULL2 mulrrl, prod.ml Multiply long 2-operand ee ee RR Os doy) 

A4 MULW2 mulr.rw, prod.mw 9 Multiply word 2- operand Ve dats OR Qe Jog , 
85 MULB3 mulr. rb, muld. rb, prod.mb’ s Multiply byte 3: operand ee 0 jov 
C5 MULL3 mulrrl, muld.tl, prod.ml Multiply long 3-operand Re je 

A5 MULW3 mult.rw, muld.rw, prod.mw Multiply word 3-operand Poa OTied 
DD PUSHL src.rl, | Pushlong oe cos S 

9C ROTLecnt.rb, src.rl, dst.wl Rotate long tn © 0 - 








DI SBWC sub.rl, dif.ml Subtract with carry Bi Ria 
82 SUBB2 sub.rb, dif.mb Subtract byte 2-operand Ries 
C2 SUBL2 sub.rl, dif.ml ~ Subtract long 2-operand vie fe) 
A2 SUBW2 sub.rw, dif.mw Subtract word 2-operand * By 
83 SUBB3 sub.rb, min.rb, dif.mb ~ Subtract byte 3-operand ~ = % bas IS 
C3 SUBL3 sub.rl, min.rl, dif.ml — _ Subtract long 3-operand ie plas 
A3 SUBW3 sub.rw, min.rw, dif.mw Subtract word 3-operand la Mel dks 
95 TSTB sre.rb Test byte cow, ia 0 0 
D5 TSTE srecrl Test long ww sab lg 3 
B5 TSTW sre.rw Test word erlang 
8C XORB2 mask.rb, dst.mb _ ~ Exclusive or byte 2-operand .. *-* jo 
AC XORW2 mask.rw, dst.mw Exclusive or word 2-operand ieleeeiaee | Mar 
8D XORB3 mask.rb, sre.rb, dst.wb Exclusive or byte 3-operand #80. = 
CD XORL3 mask.rl, sre.rl, dst. wl _.. Exclusive or long 3-operand TCO = 
AD. XORW3 mask.rw, src.rw, dst.ww Exclusive or word 3-operand = ** 0 = 
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Preliminary 





C Exceptions 


OP Mnemonic and Arguments Description NZ 
9E MOVAB stc.ab, dst.wl Move address of byte 9 * * 
DE MOVAL { =F} src.al, dst.wl | _. Move address of long eiieed 
7E MOVAQ {=D=G} src.aq, dst.wl een Move address of quad o 
3E MOVAW src.aw, dst.wl —_ : - Move address of word ee 





9F PUSHAB src.ab, {-(SP).wl}} ss "Push address of byte Ce 
DF PUSHAL {=F} src.al, {-(SP).wl} Push address of long i 
7F PUSHAQ {=D=G} src.aq, {-(SP).wl} ..... Pushaddressofquad *— * 
3F PUSHAW src.aw, {-(SP).wl} _ Push address of word -% 


eeoesfoooocle 
| | 


- Variable-length Bit Field Instructions... 





OP Mnemonic and Arguments Description ee eta, aN 2, Vf. Exceptions 


EC CMPV pos.rl, size.rb, base.rb, was cus 
{field.rv}, src.rl Compare fel Jfiasth lB AQ) Boren 





ED CMPZV pos.rl, size.rb, base.vb, be en. tones ee 
{ field. rv}, src.rl Compare eres icndl fied CP AR Oy 


EE EXTV pos.rl, = rb, base.vb, cel dyed Lie eee ee 
{field.rv}, dst.wl Extractfield S BOY, ae BE 


EF EXTZV pos.tl, size.rb, base. vb, ed eit eee © ae 
{field.rv}, dst.wl Extract zero-extended field Me Dees 


FO INSVssrc.rl, pos.rl, size. rb, | = ae Decay | 
base.vb, {field wv} “Insert field * ieee | - - - - rsv 


EB FFC startpos.rl size.rb, 2 oe. ORES TENET ae | 
{field.rv}, findpos.wl Find finstideer bit: forrendl fo oO ie asy 


EA FFS startpos.rl, size.rb, base.vb, pre eee ain seed 
{field.r, findpos. wl 7 “Bind firsts set bit. riny'l *O% AO: lq figswey: 


- Control Instructions 


OP Mnemonic and Arguments —_—Description _ - 4 a he aes N- ZV re Exceptions 


9D ACBB limit.rb, add.rb, an Seat 
index.mb, displ.bw Add compare and branch byte ee = aoe 
F1 ACBL limit.rl, add.rl, index.ml, _ ae 
displ. bw Add compare and branch long adh FN Ube odOver ¢ 


3D ACBW limit.rw, add.rw, | aa ght Cops 
index.mw, displ.bw ~~. ~~ Add compare and branch word * * % .W _jev- 











F3 AOBLEQ limit.rl, index.ml, Seen _ | 
displ. bb Add one and branch onlessorequal = * * * - iov ~ 


F2 AOBLSS limit.rl, index.ml, ne tote pees ue ducride a | 
displ.bb Add one and branch on less a es 
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it i " i ae ge i 
VY VOn2 

















teases nic 


OP Mnemonic and Arguments Description (NZ VeC -Exeéptions 
1E BCC{=BGEQU} displbb Branch on carry clear _ ie 
1F BCS{=BLSSU} displ. bb Branch on carry set a! res oper 
13° BEQL{ =BEQLU} displ.bb Branch on equal ae a Teas 
18 BGEQ displ.bb : Branch on greater or equal oo eae ee 
14 BGTR displ. bb - Branch on greater | a 
1A BGTRU displ.bb nee Branch: on greater unsigned — Be ce, Se ee 
15 BLEQdisplbb =.= ~~ ~—~—_—_—s Branchoon less or equal - --- = - 
1B BLEQU displ.bb _ Branch on less or equal unsigned ey a OS 
19 BLSS displ. bb | Branch on less BO ease ere 
12) BNEQ {=BNEQU} displ. bb ~ Branch on not equal at aha a 
1C BVC displ. bb Branch on overflow clear 3 eh 
1D BVSdispl.bb ~ Branch on overflow set _ ee ee ae ek 
E1 BBC pos.rl, base.vb, displ.bb, — ee 
{ field.rv} Branch on bit clear‘ LL Pe fag Ly 
EO BBS nee rl, base. vb, displ. bb, 
~ {field. rv} Branch on bit set Si ia, 
E5 BBCC pos. rl, cere vb, displ.bb, _ 7 - ee 
{ field. mv} Branch on bit clear and clear bods de ey SWAT 
E3 BBCS pos.rl, base.vb, displ. bb, 7 id 
 tfield:mv}~ — Branch on bit dee ad set a == sy. 
E4 BBSC pos.rl, base.vb, displ. bb, sc ae eee sg FEU 
_ {field:mv} Branch on bit set and clear -o=. = >. ESV 
E2_ BBSS pos.rl, base.vb, displ. bb, | : OeS 
— {field.mv} — _ Branch on bit set and set -'+ = + rsv 
E7 BBCCI pos.rl, base. ob, dlp: bb, | aur 
{field.mv} Branch on bit clear and clear interlocked - - - - rsv 
E6 BBSSI pos.rl, base.vb, dislp.bb, dea is se, Sinan ae 
{field.mv} Branch on bit set ‘and set interlocked SO eo ae 
E9 BLBC sre.rl, displ.bb — ~ Branch on low bit clear — oe toe 
E8 BLBS src.rl, displ. bb Branch on low bit set: | ae eS 
11 BRB displ.bb Branch with byte displacement © — oe ees 
31 BRW displ.bw — Branch with word displacement - oe ne 
10 BSBB displ. bb {- (SP) wl} Branch to subroutine with byte 
displacement a ata 
30 BSBW displ.bw {-(SP).wl} Branch to subroutine with word 
ee sad Aca displacement aes 
8F:. CASEB selector.rb, base.rb, pron eyncre a ES Pe 
~~ limit.rb, displ.bw-list ~~ Case byte area 9 atts 
CF CASEL selector.rl, base.rl, Cee ere ee 7 
_... limit.rl, displ. bw-list ©. .. Case long. **.0.? 
AF CASEY selector.rw, base.rw, | 
_ limit.rw, displ.bw-list = Case word # O..3 
17 JMPdst.ab | Jump | ie ET 
16 JSBdst.ab, {-(SP).wl} | Jump to ie ae =~ 
05 RSB4{(SP)+ rl} oo Return from subroutine _ | Sy. ae Sains ee 
F4 SOBGEQ index.ml, displ.bb Subtract one and oe on greater i 
fl mF or equal ' . * —  iov. 
F5 SOBGTR index.ml, displ.bb ‘Subtract one and branch on greater x - iov 
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- Variable-length Bit Field Instructions 








OP Mnemonic and Arguments Description oa NZV Cc ‘Exceptions 


EC CMPV pos.rl, a rb, base.rb, 2 ones es 
{field rv}, sre.rl Compare field ie chp cet 2 one BY. 





ED CMPZV pos.rl, size.rb, base.vb, — 7 | eam eee 
, src.r] Compare 2 zero- o-extended fied bbl dB odld Oy pswag 


EE EXTV pos.rl, size.rb, base.vb, ae a, | oo ee 
{field.rv}, dst.wl Estract field ; : de laeik che sew 0° 2 egy 


{ field.rv 








EF EXTZV pos.rl, size.rb, base.vb, sia Ce riagen tants 
{field.rv}, dst.wl Extract zero-extended field * * 0.7 sv 


FO INSV src.rl, pos.rl, size.rb, — Ae i eee ea a 
base.vb, {field.wv} ._Ansert field ie - = rm 


EB FFC startpos.rl size.rb, base. vb, 7 f COQ 09 S28 ATA VOCRO  O8 
{field.rv}, findpos.wl Pind fireecleacbie co! OFM 


EA FFS startpos.rl, size. i, base. vb, mols ic wol ae Home cd yet yore OTE 
(field wit, findpos..w wl Find first set:bit-.- e010 OB Oy satist, 


- Control idseuctions : 





OP Mnemonic and Arguments _ Description. Ls 33 a, a ., (/N°Z.V.€ Exceptions 





9D ACBB limit.rb, add.rb, | ey nner re nOnE 
-index.mb, displ. bw Add compare = branch bye Paeiueel” ple nie ies PONE 


F1 ACBL limit.rl, add.rl, index.ml, gn 
displ.bw Add compare and branch long pe ge a 





3D ACBW limit.rw, add.rw, | eee ee 
index.mw, displ.bw Add compare and branch word = * * 1 *  —_ iov 


F3 AOBLEQ limit.rl, index.ml, ened ey <4 
displ. bb : _ wm Add one and branch ontess or equal... 2 = tow. 


F2 AOBLSS limit.rl, co Ie ae nahin SUN Ae RE RU REO ORS i 
displ. bb Add one and branch on less eM H. Se ipwen ok 

1E BCC{=BGEQU} displ. bb -» Branch on carry clear el leepthy atest ry lent? PONG 

1F BCS{=BLSSU} displ.bb Branch on carry set Both ee ey | 

13. BEQL{=BEQLU} displ.bb .., ..., Branchonequal,..-..00.2 000 fl les ym ome st Beinae 

18 —BGEQ displ.bb- oom" Branch on greateror equal son eer ee 

14 BGTR displ.bb Branch on greater ----- . 

1A BGTRU displ.bb Branch on greater unsigned = 2ficn ce ent ie byerboucnt - 

15 BLEQ displ.bb Branch on less or equal ----- 

1B BLEQUdispl.bb = ~~ Branch on less or equal unsigned 

19 BLSSdispl. bb Branch on less cee an aoe 

12 BNEQ {=BNEQU} displ. bb: Branch on not equal eg oF ote see Serene A 

1C BVC displ.bb- Branch on qugttleg pleas Tee ny Eg tr Pay SES 

PE cBVS dice BB x: otecede sor terees Branch on n overflow a a ae ne ee 
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OP Mnemonic and Arguments Description “(NZ VC Exceptions 
El BBC pos.rl, base. vb, displ. bb, | = | | as eee 
ages Sfield. rv} Branch on bit clear, gem ee me rs 
~EO BBS pos.rl, base. “a displ. bb, - 3 vere 
{field.rv}_ Branch on bit set = Se ESV 
E5 BBCC pos.rl, base.vb, displ.bb, ) 
{field.mv} Branch on bit clear and clear ciate alee ©) At 
E3 BBCS pos.rl, base.vb, displ.bb, i | - 
{field.mv}— Branch on bit clearandset =| ~ = elm. EBV: 
E4 BBSC pos.rl, base.vb, displ.bb, ecco 
{ field.mv} Branch on bit set and clear rs 7) ae 
E2_ BBSS pos.rl, base.vb, displ.bb, | aes. | 
{field.mv} Branch on bit set and set | -~ - = = rv 
E7 BBCCI pos.rl, Base: vb, dislp.bb, | —_ 
 {field.mv} Branch on bit clear and clear interlocked - - - - rsv | 
E6 BBSSI pos.rl, base.vb, dislp.bb, | | | 
{field.mv} Branch on bit set and set interlocked -~ = = = rsv- 
E9 BLBC src.rl, displ.bb Branch on low bit clear . ee 
E8 BLBS src.rl, displ. bb Branch on low bit set Silat! 
11 BRB displ.bb Branch with byte displacement ~--- - 
31 BRW displ.bw Branch with word displacement opt ott tes 
10 BSBB displ.bb {~(SP).wl} Branch to subroutine with byte 
ia eA | displacement m-o- ee 
30 BSBW displ.bw {-(SP).wl} Branch to subroutine with word “a oe 
_— - displacement sss oe 
8F CASEB selector.rb, base.rb, | 
limit.rb, displ. bw-list Case byte fe a ae 
CF CASEL selector.rl, base.rl, | . pt, Ey 
limit.rl, displ. bw-list Case long | a el) 
AF CASEW selector.rw, base.rw, _ | | 
limit.rw, displ.bw- list Case word me 
17. JMPdst.ab Jump | | 7 a ee Ae 
16 JSBdst.ab, {-(SP).wl} ~ Jump to subroutine 2 
05 RSB {(SP)+.rl} Return from subroutine ee eee 
F4 SOBGEQ index.ml, displ. bb Subtract one and branch on oreater 
or equal | ee ee ee oe 
F5 SOBGTR index.ml, displ.bb Subtract one and branch on greater oD ee * — jov 
Procedure Call Instructions ete 
OP Mnemonic and Arguments Description | N Z Vv fe Exceptions 
FA CALLG arglist.ab, dst.ab, {-(SP).w’} Call with general argument list 0 0 0 0. rsv. 
FB CALLS numarg.rl, dst.ab, {-(SP).w'} Call with argument list on stack 0 0 0 iG: rsv 
04 RET {(SP)+.r} ~ Return from procedure # * orgy 
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" Miscellaneous Instructions repr ariies) pine He CEQ 





OP. Mnemonic and Arguments Description ie CON) Za NiGu. Endep tiie 





BO BICPSWmask.rw ae - Bit clear processor status word x % ok gk ipa! 


B8 BISPSW mask.rw HOO OBR set processor status word | Oe tsv. | 





03 BPT {-(KSP).w'}. i ) Break. point, fault a : 2 / 0 00,0 mal ; 
00 HALT {-(KSP).w’} Halt (kernel mode only) OTe) TM oo pet 





OA! INDEX. subscript.rl, low.rl, hi es rl, 


size.rl, indexin.rl, jndexout. W ris ike ches oh * -* 0 0 sub 





DC MOVPSL dst.wl “ae __Move processor status longword ~- — — — 





O01 NOP : Pa con on No operation ji ppt ee eae 
BA POPR mask.rw, ;{(SP)+.r} POR FEBS eo a gt “Aa Baik 








BB PUSHR mask.rw, ;{-(SP)+.w’} Push registers’ OO es 3b oan ees tH ahem eS 9 
FC XFC {unspecified oeprands}, ~ Easended function call i a one 


Queue Instructions 


OP Mnemonic and Arguments Description _ nae 62. ee: ee 





5C INSQHI entry.ab header.aq Insert at head of queue, "backed ™ ee ripe eg ey 


5D+ INSQTI entry.ab header.aq HOLL Insert at tail of « queue, interlocked" idk ee Oo» | ay - a 





OE INSQUE entry.ab, pred.ab Insert into queue. - ee te (ere somal 0, a 
5E REMQHI header.aq, addr.wl Remove from head of queue, T ineriodied 0 

5F REMQTIheader.aq, addr.wl __Remove from tail of queue, interlocked = 0 * * * sv 
OB REMQUE‘entryab,addewl _Removelfrantdieue 8g Sie Asian 


- Character String Instructions. 





OP Macnonie and Acguments | eats gene ~ - ‘Description — - oa - : N ie Vc ‘Exceptions 





29 CMPC3 len.rw, srcladdr ab, sre2add ab” a i Compare character le dbbytels ew apatich 
2D CMPCS sfetfen. rw, sroTudid ab, fil rb, “oBompare character Se eaal a alle ee 
src2len.rw, src2addr.ab rr — -S-operand iar yoie sachs Po BA Qe 





3A LOCC. char. rb, len. rw, addr.ab co si a Locate chapacter - sae 0% 0 0 pie ae 





28 MOVC3 len.rw, srcaddr.ab, dstadde. iy t.. 
- {ROS.wl}..--...- reed character 3- operand eine) AO - 


2C MOVCS srclen.rw, srcaddr.ab, fillrb, | as eee 
dstlen.rw, dstaddr.ab, {RO-5. wl} "Move character S-operand = *_ * 0 * 





2A SCANC len.rw, addr.ab, tbladdrab, mask.rb. Scan forcharacter sO ** (0-0 
3B SKPC charrb, len.rw, addrtab i 2/1:1.59! Skip characteg? 0 Qe BQ Qe ae 
2B _SPANC len.rw, len.rw, tbladdr.ab, mask.rb Sean characters. eat Gta} 0- ree 
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Bc ilo] t/a] iam Preliminary CVAX 78034 


- System Support Instructions 


OP Mnemonic and Arguments Description — NZ VC Exceptions 

BD CHME param.rw, {-(ySP).w’} Change mode to executive 00-080 

BC CHMK param.rw, {-(ySP).w’} Change mode to kernel 000 0 

BE CHMS param.rw, {-(ySP).w} Change mode to supervisor 000 0 

BF CHMU param.rw, {-(ySP).w’} Change mode to user 000 0 

Where y = MINU(x.PSL < current_mode<) | 

06 LDPCTX {PCB.r’, -(KSP).w’} Load process context | - = - = frsv, prv 
(kernel mode only) 

DB MFPR procreg.rl, dst.wl Move from processor register _ * * 0 - - rsv, prv 
(kernel mode only) 

DA MTPR sre.rl, procreg.rl Move to processor register * * QO -  rsy, prv 
(kernel mode only) 

OC PROBER mode.rb, len.rw, base.ab — Probe read access | 0 * 0 - 

OD PROBEW mode.rb, len.rw, base.ab Probe write access 7 0o* 0 - 

O2 REI {(SP)+.r°} Return from exception or interrupt * * * * rsv 

07 SVPCTX {(SP)+.r°, PCB.w’} Save process context - - - - prv 


(kernel mode only) 


Microcode-assisted Emulated Instructions 


The CVAX 78034 provides microcode assistance for the emulation of these instructions by 
system software. The processor processes the operand specifiers, creates a standard argument list, 
and takes an emulated instruction fault. 


OP Mnemonic and Arguments Description N ZV C Exceptions 
20 ADDP4 addlen.rw, addaddr.ab, sumlen.rvw, | 

sumaddr.ab Add packed 4-operand * .* * 0. tsydov 
21 ADDP6 addllen.rw, addladdr.ab, add2len.rw, 

add2addr.ab, sumlen.rw, sumaddr.ab Add packed 6-operand OO BAY? Re OV 
F8 ASHP cnt. rb, srclen.rw, srcaddr.ab, round. an Arithmetic shift and round 

dstlen.rw, dstaddr.ab packed Oe orsy! dov 
35 CMPP3 len.rw, srcladdr.ab, src2addr.ab -Compare packed 3-operand * * 0 0 
37 CMPP4 srcllen.rw, srcladdr.ab, src2len.rw, 

src2add.ab Compare packed 3-operand * * 0 * 
OB CRC tbl.ab, inicre.rl, strien.rw, stream.ab Calculate cyclic | 

redundancy check ae ae | 

F9 CVTLP sre.rl, dstlen.rw, dstaddr.ab Convert long to packed Oe oe "Oe tsy dow 
36 CVTPLsrclen.rw, srcaddr.ab, dst.wl Convert packed to long * *, * 0 _rsv,-iov 
08 CVTPS, srclen.rw, srcaddr. ab, dstlen.rw, Convert packed to leading | 

dstaddr.ab separate ee ek OY ge doy 
09 CVTSP srclen.rw, srcaddr,, dstlen.rw, _ Convert leading separate to weal ek ) 

dstaddr.ab packed * * * 0° rsv, dov 


1-30 Confidential and Proprietary 








26 


27 


38 


Preliminary 


Mnemonic and Arguments Description 


CVTPT srclen.rw, srcaddr.ab, tbladdr. ab, 


dstlen.rw, dstaddr.ab Convert packed to trailing 


CVTTP srclen.rw, srcaddr.ab, tbladdr. ab, , 

dstlen.rw, dstaddr.ab. | Convert packed to trailing 
DIVP divrien.rw, divraddr.ab, divdien. tw 

quolen.rw, quoaddr.ab . Divide packed 

EDITPC srclen.rw, srcaddr.ab, pattern. ab; | Edit packed to character 


dstaddr. ab | | : ee : 


VC Exceptions 


* 0. rsv,dov 
* 0 _rsv, dov 
* 0. rsv, dov, ddvz 


rsv; dov 





39 


34 
Ze 


2F 


2 


Ze 


23 


MATCHC oe rw, epee ab, len rw, 


srcaddr.ab- oe: Match characters 

MOVP len.rw, srcaddr.ab, dstaddr. aber gr if Move packed ye 
MOVTC srclen.rw, srcaddr.ab, fill. tb, | 
tbladdr.ab, dstlen.rw, dstaddr.ab ane Move translated characters * 
MOVTUC srclen.rw, srcaddr.ab, esc.rb, («4 Move translated until | 
tbladdr.ab, dstlen.rw, dstaddr. ab | at character 2 
MULP mulrien.rw, mulraddr.ab, pildien Ww, : 

muldaddr.ab, prodlen. rw, prodaddr. ab Multiply packed 

SUBP4 cde rw, eubaade ab, diflen. rw, a eee 2 
difaddr.ab _. Subtract packed 4-operand * 


SUBP6 sublen.rw, subaddr.ab, minlen.rw, 
minaddr.ab, diflen.rw, difaddr.ab 


* Floating-point Instructions 


“Subtract! packed 6-operand * : 


ve 


*” 0..18v,-dov.-; 


*® 0° rsv, dov: 


* 0 rsv, dov 


These instructions are implemented in hardware only if he optional CVAX 78134 Floating-point 
accelerator is present in the system. They must be software emulated if the CVAX 78134 is not 





included. : 
OP Mnemonic and Arguments — Description — NZ VC Exceptions — 
O6F  ACBD limit.rd, add.rd, index.md Add. compare acd bianth? i | can 

D_ floating B® Qa orsvy, fov, fuv 
O4F  ACBF limit.rf, add.rf, index.rf Add compare and branch | : 

F_ floating ¥ 0 eo rsy, fo; fav 
4FFD ACBG limit.rg, add.rg, index.mg | Add compare and branch = NEE 

G_floating OR OQ = rev, fou; fuv 
060 ADDD2 add.rd, sum.md ‘Add D_ floating 2-operand a cee. SY, fov, fuy 
040 ADDF2 add.rf, sum.mf Add F__floating 2-operand * = * 0:0: orsy, fov; fuv 
40FD ADDG2 add.rg, sum.mg _ Add G_floating 2-operand *. *-0..0- rsv, fov, fuv 
061 ADDD3 add1.rd, add2.rd, sum.wd Add D_floating 3-operand * * * 0 rsv, fov, fuv 
041 ADDF3 addl.rf, add2.rf, sum.wf | Add F_floating 3-operand ences aa 3! fov, fuv 
41FD ADDG3 add1.rg, add2.rg, sum.wg Add G_floating 3-operand BE SEQ rsy, fov, fuv 
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0) Mnemonic and Arguments 
CMPD srcl.rd, stc2.rd 





071 
051 


‘D CMPG srcl.rg, src2.rg 
‘CVTBD src.rb, dst.wd — 








O06C 
04C 


4CFD 


068 
076 
06A 
069 
048 
056 
99FD 
04A 
049 
48FD 
33FD 


CMPF srcl.rf, sre2.rf 


CVTBF sre.rb, dst.wf 
CVTBG src.rb, dst.wg- - 


CVTDB src.rb, dst.wb 


CVTDEF sre.rd, dst. wf 
CVTDL src.rd, dst.wl 
CVTDW srce.rd, dst. ww 
CVTEB sre.rf, dst.wb 
CVTED sre.rf, dst.wg 
CVTFG sre.rf, dst.wg 
CVTEL src.rf, dst.wl 
CVTFW sre.rf, dst.ww 
CVTGB sre.rg, dst.wb 
CVIGE sre.rg, dst.wf 


4AFD CVTGL sre.rg, dst.wl 


AOED. 


OGE 
04E 
4EFD 
06D 
04D 


CVTGW src.rg, dst. ww 
CVTLD sre.rl, dst.wb 
CVTLE src.rl, dst. wf 
CVTLG sre.rl, dst.wg 
CVTWD src.rw, dst.wd 
CVTWE src.rw, dst.wf 


4DFD CVTWG stc.rw, dst.wg' 


06B 
04B 


4BFD 


066 
046 | 
46FD 


067 
047 


47FD © 


074 
054 — 
54FD 


072 
052 


DoE 
~*MOVD:sre.rd, dst.wd 
~*MOVE sre.rf, dst.wf 


070 
050 
S50FD 
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CVTRDL sre.rd, dst. wl 


CVTREL src. rf, ja | 


CVTRGL sre.rg, dst.wl 


DIVD2 divrrd, quo.md 
DIVF2 divrrf, quo.mf 
DIVG2 divr.rg, quo.mg 


DIVD3 divrrd, divrrd, quo.wd 
DIVD3.divrrf, diverf; quo.wf 


DIVD3 divrrg, divr.rg, quo.wg 


EMODD muir.rd, multx.rd, 
muld.rd, int.wl, fract.wd 
EMODF muir.rf, mulrx.rb, 
muld.rd int.wl, fract.wf 


-EMODG muir.rg, mulrx.rw, 
~ muld.rg int.wl, fract.wg 


*MNEGD stc.rd, dst.wd 


*MNEGE sre.rf, dst. wf 
"MNEGG sit.tg, dst.wg 


*MOVG sre.tg, dst.wg 


Description 








Compare D ~ floatisip 


~ Compare F_floating 


Compare G_floating 


Convert byte to D_floating 
Convert byte to F_floating 
Convert byte to G__floating 


Convert D_floating to byte 


Convert D_floating to F_float * 


Convert D_floating to long 
Convert D_floating to word: 


Convert F_floating to byte 
Convert F__floating to D_float: 
Convert F_floating to G_ float | is 


Convert F_floating to long | 
Convert F_floating to word 
Convert G_floating to byte 
Convert G_floating to F_float 
Convert G_floating to long ~ 
Convert G_floating to word 
Convert long to D_floating 
Convert long to F_floating 
Convert long to G_floating 
Convert word to D_floating 
Convert word to F_floating. 


Convert word to G_floating 


Convert rounded D —floating j 
to long: | 


Convert rounded F_floating 
to long 


Convert rounded G —Hloating 
to long 


Divide F_floating 2-operand — 
Divide G_floating 2-operand 
Divide D_floating 3-operand 


Divide F__floating 3-operand | -.: 


Divide G_floating 3-operand 


am 
x 


~ Divide D_floating 2-operand —* 


Extended modulus D_floating * 


Extended modulus F_floating 


Extended modulus G_floating ce 


_ Move negated D_floating 


Move negated F_floating 
Move negated G_floating - 


Move D_floating 


- Move F.floating.. 


Move G_floating 
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“Or yey 
QO rsv_ 
0 
0 
O rsv,iov . 
*-0 0 tsv, fov 
* 0 rsv, iov 
peer | “TY, iov. : 
oe > assy iov a a 
i Oca) aay 
SO OSV 
gore Ua ae eee 
Bosh =f area tO 
** 0): rsv, iov. 
* 0. 0 -rsv, fov, fuv 
= ee 0 rsv, iov ss 
oe = 0 rsv, 10V 
we 0 0 
we 0 0 
Be 
=O. 6 
ve Zen 0 a 
= i) 0 
© .09 B> ge dav 6 
0 rsv, iov 
* 0 0 rsv fov fuv fdvz 
* 0 0 rsv fow fuv fdvz 
* 0 0 rsv fov fuv fdvz 
* 0 0 rsv fov fuv fdvz 
*. 0.0 -rsv fov fuv fdvz ' 
* 0 0 Tsv fov fuv fdvz. 
0 xsv fov fuv iov 
te 0. rsv fov fuv iov 
AO iOsi rswit 
A 2 Qe Od svi ict! 
cae ONS Tee 
EO bl esw ce! 
* Qs jfsbasv. 4 
“"O = rsv 








OP Mnemonic and Arguments 








Description 





NZ VC Exceptions 





064 MULD2 mulrrd, prod.md Multiply D_floating 2-operand * * 0 0. rsv, fov, fuv 
044 MULF2 mulrrf, prod.mf - Multiply F_floating 2-operand * * 0 0 rsvy, fov, fuv 
44FD MULG2 mulrrg, prod.mg . Multiply G_floating 2-operand * * 0 0 rsyv, fov, fuv 
065 =MULD3 mulrrd, muld.rd, prod.wd Multiply D_floating 3-operand * * 0 0 “sv, fov, fuv 
045  MULF3 mulerf, muld.rf, prod.wf = Multiply F _floating 3-operand * * 0 O° rsv, fov; fuv” 
45FD MULG3 mulrrf, muld.rg, prod.wg Multiply G_floating 3-operand * * 0 0° rsy, fov, fuv 
075  POLYD arg.rd, degree rw, tbladder.ab Evaluate polynomial D_floating * - - 0 0 sv, fov, fuv 
055  _POLYF arg.rf, degree rw, thladder.ab Evaluate polynomial F_floating * * 0 0° rsv, fov, fuv 
55FD POLYD arg.rg, degree rw; ‘tbladder.ab Evaluate polynomial G_floating * * 0 0. rsy, fov, fuv | 
062 SUBD2 sub.rd, dif.md Subtract D_floating 2-operand * * 0 0 rsv, fov, fuv - 
042. SUBF2 sub.rf, dif.mf Subtract F_floating 2-operand * * 0 0 _‘Tsy, fov, fuv 
42FD SUBG2 sub.rg, dif.mg : Subtract Ge floating 2-operand * * 0 0. rsv, fov, fuv 
063 SUBD3 sub.rd, minrd,dif.md | Subtract D _floating 3-operand * * * 0. sv fov fuv 
043  SUBF2 sub.rf, min rf, dif.mf _ Subtract F_floating 3-operand * * 0 0  rsv fov fuv 
43FD SUBG2 sub.rg, min rg, difmg  __ Subtract G_floating 3-operand * * 0.0. rsv fov fuv 
073 *TSTD sre.rd Test D_floating a oO A SD : rsv 

953 *TSTF sre.rf Test F_floating Sey tL aSY 

53FD *TSTG src.rg Test G_ floating Ste Ob rsv 
Memory Management — 


The memory management unit of the CVAX 78034 pare a flexible a efficient virtual 
memory programming environment. Memory management, together with the operating system, 
provides both paging (with user control) and swapping. It also provides four hierarchical modes: 


kernel, executive, supervisor, and uset, and has read and write access control for each 





A virtual - memory system provides a large address ‘ space while allowing | programs ‘to run, on 
hardware with small memory configurations. Programs execute in an environment defined Asa 
process. The virtual memory system for the CVAX 78034 provides each process with a 4 billion 
byte address space. 


Virtual Address: Space 


Virtual address space consists-of two address spaces of intel size—a system. pace i and a process 
space. The process space contains the PO and Pl regions. Figure 15 shows the virtual address space 
assignments. 
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STL aren 
ene ae | LENGTH OF PO REGION IN V PAGES- 
(POLR) 


PO Se 
REGION 


_ POREGION GROWTH DIRECTION 
SFFEFREFER |‘ Z 
40000000 woapeig ip bbns ducler. £4 
_ P1 REGION GROWTH DIRECTION »— 


REGION 


. LENGTH OF PI REGION IN PAGES 

EAN Ean di | ey (2e*21- PILR} ; 
7PP RR RRR L : ve 
80000000 | ° faye 1G 
a LENGTH OF SYSTEM REGION IN PAGES: : 
ae (SLR) " Bias 
_ SYSTEM a 
REGION ere ee ee ee 
SYSTEM REGION GROWTH DIRECTION ,, 


BRRRER REE |. 
c0000000 | 


RESERVED 
' REGION 





PERE E EE 


_ Figure 15 « CVAX 78034 Virtual Address Space Assignments oe 


Virtual pr format—The CVAX 78034 generates a 32 bit virtual ee for aa ean 
and operand i in memory. As the process is executed, the processor translates each virtual address 
into ‘a physical: address. The format of a virtual address i is shown i in Figure 16. Table ul defines the 
fields of a virtual address. a 


31 0908 00 





BYTENUMBER Jo" 





Figure 16» CVAX 78034 Virtual Address Format 
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tee t a} i 7 : ape ge 2 
i\t}a) | Se reliminary~ 

/ ol ea i 








“Table tt « . CVAX 78034 Virtual f dress Description 7 


i. Fey fork ee oy SB Ae 


Bit Description 





31:09 VPN (Virtual page Soe Te. Ged spetice the--virtual page to ‘be referenced. 
_» Virtual address space contains 8,388,608 pages of 512 bytes each. 


, Bits 31:30 of the VPN are used to’ select the region of virtual address: space being 
referenced as follows. * 


Bits 31:30. Region 


value rf n8 
De acecc trast, xt SUI soe anc tutes acces de cons ace ott a 
3 reserved ‘4 WIS] 





08:00 Byte Number—This field specifies the byte number within theipage. "7 








Page protection—Independent off its locatio’ in victual aaa dress space, 4 page 612 Bytes) can bé 
protected according to its use. Although the system space is s shared 2 and a program can generate any 
address, the program.can be prevented from modifying or. accessing p portions of the. ‘system space. A 
program can also be prevented from’: accessing or. modifying 5 portions of | process space. wi 


Virtual address space allocations— Access to the. PO, P1, and System region is controlled by a length 
register. The PO region is controlled by the PO Length Register (POLR), the P1 region by the P1 
Length Register (P1LR), and the system region by the Systern Length Register (SLR). Within the 
limits defined by the length registers, the access is controlled bya’ page table that specifies the 
validity, access requirements; and location of each page in thes region. ne : 





Access control | ; | 51 rt | 
The access control function validates the type of memory a access ches is ratlowed x to > access: a page. | 
Each page has a protection code for each node that determines if read or write refe 
allowed. = Laake. r 






Four hierarchical modes are used by ‘the VAX 78034. The processor mode that j is 5 currently, 
running is stored in the current mode field of the Processor Status Longword (PSL). The modes in 
order of most to least ee are “ : 






ane 


- 1 Executive—Used for many of ‘the Spealady: system service alls ATIICERSE SOS UO TREE OP 





= 2 Supervisor—Used for services such as command interpretation. 





- 3 User—Used for aser-level code’ utilities, ‘compilers, debuggers, as 





The protection code; located-in the page-table entry for that page; specifies whether the page can 
be accessed for each mode. These codes are described in Table 12. 


ae . 
an rey iy ay ae 


Confidential and Proprietary 1-35! 





Prelimin ary. 





ible 2 ae oa ae Se TO a nner crtntentter iste 


Code - Mnemonic Current mode! tice bet 5] 


0 0000 NA. pty! 86 ws sae Hie AME Se caiman quarra mee bhes beereTi access 
0001 Le fe tor Lice WE late OCS E ebederved 
0010 KW RW ~ a a 

0011 KR R = — . = 

0100 UW RW RW RW RW all access 
0101 EW RW RW SS on | 





bo | ee 





0110 ERKW RW R = pai 
O11 ot PR ais Rove GR cetconel PV gall ati 

00 =SSWti(aié«érRRCOR eR 

“1001 SREW RW RW RO 


{OL OPn PT ayuy aA] wy] 








14 1110 URKW RW RR 


Any ate, Raita igocino RN oh Leo Ba 
1B sq tons fe URBWid RAY 2 2 aR ro 2 eRRtagu crop 
15 1111 = UR R R R R 





'_=noaccess §  §—-—_.._..._. K= Kernel 
a = unpredictable | | | | E = Executive 
R =read only | | S = Supervisor 
RW=read/write = U=User 


Memory-management Control — a | an ee ee 
The three registers used to control the memory management function are described as follows: 
Map Enable register (MAPEN)—This register is used to enable and disable memory management. 
The format of the register is shown in Figure 17 and describedin Table 13... 


cr re eee ae ee eee 
, : : ime he Neel eMa be Merle dR om pho Doe /MAPEN 






~ MME 


Figure 17» CVAX 78034 Map Enable Register Format 
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Table B- CVAX 78034 Map Enable Register Description oe 





Bit ry "Dastigtion::. 
31:01 MBZ—Must be zero 


00 MME aed management enable)—-Enable and disable memory management as 
follows: 
MME =1 (eabled) _ 
MME=0 (disabled) 


Translation buffer—This buffer is used to save the actual memory references when pages are 
repeatedly referenced. The CVAX CPU uses this buffer to record successful virtual address 
translations and page status. The translation buffer contains 28 fully associative entries. Both 
system space and process space references share the entries. Translation buffer entries are replaced 
using a Not Last Used (NLU) algorithm to ensure that t ¢ replacement pointer is not pointing to the 
last translation buffer entry to be used. This is accomplished by rotating the replacement ppinter te 
the next sequential translation buffer entry if the pointer is pointing to an entry that has 
accessed. Both D-stream and I-stream references can cause the NLU to cycle. When the. sanelation 
buffer does not contain a virtual address and, page status of, the memory referenced, the CPU 
updates the-translation buffer. The entry to be replaced i is pointed to by the replacement pointer. 


System control of the translation buffer i is ‘through the. ‘Tra ation Buffer Invalidate Binele (TBIS) 
register and the Translation Buffer Invalidate All (TBIA) 1 register. 


The TBIS register is used | to ‘invalidate single PTE entries in laid lesabutadih teed This is 
accomplished ‘by writing a virtual address into the TBIS register that invalidates ayy Lee 
buffer ye that maps the virtual address. Figure 18 8 shows he negibige format, 

















_ Figure 18 * CVAX CVAX 78034 Translation Buffer —<— Single Register Format 


QR ag al ee 


translation buffer This i is performed oe writing a ye into. the TBIA register, Figure 19 shows the 
format of the register. | | ‘ | 


gg i Oa on : MOET OUD Sm | CO RGUROR TE AGT ae ke ae 


SOAs. 4 





Figure 19» CVAX 78034 Translation Buffer Invalidate All Register 


Address Translation 

The translation of a virtual address to a physical address by the memory management unit is 
controlled by the Memory Management Enable bit 00 of the MAPEN register. When MME is 
cleared, memory mapping is disabled and the low-order bits of the virtual address bits 29:00 are the 
physical address. When MME is set, memory mapping is enabled and the virtual address is mapped 
to a physical address by memory management. 
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All virtual addresses are translated to physical addresses by a page table entry (PTE). The PTE has a 
valid bit that controls only the validity of the modify bit and page frame number field. The 
protection field is always valid and is checked first. The page table entry is shown i in Figure 20 and 
described in Table 14. | , 


3130 27 26 25 24 23 22 2120 00 





OWN | 
Figure 20 * CVAX 78034 Page Table Entry Format 


Table 14 » CVAX 78034 Page Table Entry Description | 


Bit | | Description ee, | ao 
31 V (Valid bit)—Determines the validity of the modify bit 26 and the page frame number 


field bits 20:00. V is set for valid and cleared for not valid. 





30:27. .PROT Dinter) Deane the protection for the page. This field i is always valid and i is 
used by the hardware even when V bit 31 is cleared. 


26 M (Modify bit)—This bit is set 1 if the page has already been recorded as dies) If M 
is cleared, the page has not been recorded as modified. Used only if V is set. 


25 O—Reserved for used by Digital. 
24:23 OWN (Owner)—Reserved. 
22:21 O—Reserved for use by Digital. 


20:00 PFN (Page frame number)—The upper 21 bits of the pace address of the base of the 
page. Used only if V is set. 


System Space Address Translation 

A virtual address with bits 31:30 equal to 2 is identified as an address in the system virtual eddies: 
space that is mapped by the System Page Table (SPT) in physical memory. The System Base 
Register (SBR) contains the physical address of the SPT and the System Length Register (SLR) 
defines the number of SPT entries in longwords. The page table entry pointed to by the SBR maps 
the first page of system virtual address space which is virtual byte address 80000000 (hexadeci- 
mal). Figure 21 shows the SBR and SLR mapping format. The pie of translating a system virtual 
address to a physical address is shown in Figure 22 
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Preliminary 





PHYSICAL LONGWORD ADDRESS OF SPT = (sss MiB] SBR 





 LENGTHOFSPTINLONGWORDS” = :SLR__ 


Figure 21 = CVAX 78034 System Mapping Registers Format 


313029 | 0908 00 
SVA: rT ee oe 2 ee 2 chs eT 
(SYSTEM VIRTUAL 
ADDRESS) 
















EXTRACT AN Ee ee ee eee nee ee Cee eee ee | 
CHECK LENGTH | 


31 


ADD 





E 
: 


PHYSICAL ADROFPTE> 





Pre: 






CHECK ACCESS THIS ACCESS CHECK 


IN CURRENT MODE 
PHYSICAL ADR OF DATA: 


Figure 22 « CVAX 78034 System Virtual-to-physical Address Translation 


i 
; 
f 


Process Space Address Translation 

A virtual address with bit 31 equal to 0 is identified as an address in the process virtual address 
space. Process space is divided into two equal sized separately mapped regions. When bit 30 i is 
equal to 0, the address is in region PO. When bit 30 is equal to 1, the address is in region Pl. 
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PO Region Address Translation—The PO region of process, address space is mapped by the PO Page 
Table (POPT) that is. located i in system virtual address space. The PO region address is defi 
PO Base Register (POBR). The page table entry pointed to by the POBR maps the first page of the PO 
region of the virtual address space which is virtual byte address 0. The PO Length Register (POLR) 
contains the number of page table entries in longwords. Figure 23 shows the POBR and POLR 
mapping formats. The process of translating a PO virtual address to a physical address is shown 
in Figure 24. ee eee ee ee ee es Oe Se ee ee eee 





3130 29 020100 





SYSTEM VIRTUAL LONGWORD ADDRESS OF POPT . | :POBR 


31 9 egenerp orem ayy emp mye pegs | os ke : 00 


_ LENGTH OF POPT IN LONGWORDS :POLR 





_ Figure 23*C VAX 78034 PO Region Mapping Registers Format 






PVA: 
(PROCESS VIRTUAL 
ADDRESS) 







BYTE NUMBER 






EXTRACT AND 
’’ CHECK LENGTH ~~ 









pheont 


POBR: | | SYS VIRT BASE ADR OF POPT 





YIELDS 





SYS VIRTUAL ADR OF PTE 


FETCH BY SYSTEM SPACE 
TRANSLATION ALGORITHM, 
INCLUDING LENGTH AND 
KERNEL MODE ACCESS CHECKS 


PLE: 





THIS ACCESS CHECK 
IN CURRENT MODE / 





CHECK ACCESS 










PHYSICAL ADR OF DATA; 


Figure 24» CVAX 78034 PO Virtual-to-physical Address Translation 
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P1 Region Address Translation—The P1 region of the address space is’ mapped by the P1 Page 
Table (P1PT) that is located in system virtual address space. The P1 region is defined by the P1 
Base Register (P1BR) and the P1 Length Register (PILR). Beéause the P1 space advances toward 
smaller addresses and because a consistent hardware interpretation of the base and length registers 
is not desirable, P1BR and P1LR define the portion of P1 space that is not accessible. The PILR 
contains the numbet of nonexistent PTEs: P1BR contains the system’ virtual address of what would 
be the PTE for the first page of P1 which is virtual byte address 40000000 panctae) The 

address in PIBR may not be a valid system virtual address but all addresses of PTEs must be-valid 
system virtual addresses. The P1BR and P1LR mapping format is shown i in Figure 25. The process 

of virtual address to physical address translation i is ‘shown i in n Figure - 26. 








h 











igure 25 CVAX 7 5034 Phi | pagan Mapping Registers Format lov! suewTloF 












ADDRESS) ae 


LY Ee ee ES |! : RRR OTE n OR 8 


| BYTE NUMBER | 


PIBR: | SYS VIRT BASE ADR OF P1PT 








SYS VI rarode ADR OF | 


FETCH BY S¥STEM SP | 
TRANSLATION ALGORITHM, 

INCLUDING LENGTH’AND | 

KERNEL MODE ACCESS CHECKS 


PTE: 





THIS ACCESS GHECH 


CHECK ACCESS 
Korte Sree es IN CURRENTMODE 


7 


PHYSICAL ADR OF DATA: | 


| Figure 26« CVAX 78034 Pl Virtnual.to-physical Address Translation. 
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Memory M lanagement, Faults .. ee ere Cer at ania penahlihid r oret 
The two types. of faults, gecscated with memory thapping: er pecioas are. po Tessin Not Valid 
(TNV) and Access Control Violation (ACV). An ACV fault exists when the protection field of the 
page table entry (PTE) indicates that the intended page reference in the specified access: mode is 
illegal. A TNV fault exists when a read or write reference is attempted through an invalid PTE (PTE 
bit 31,is set). The ACV full takes recedence when both an pn AGN and TNV fault occurs. : 


Raceptions and ian 


During the operation ofa system, ¢ events within the system may occur ir that! require othe execution of 
software beyond the software required for normal control. The processor transfers control by 
forcing a change in the flow of control from the currently executing process. 


Events that are primarily relevant to the currently executing process normally invoke software in 
the context of the current process. The notification of these events are detined as exceptions. 


Events that are primarily relevant to other processes or to the entire system are serviced in a 
systemwide context. The notification of these events is defined as interrupts. The system wide 
context is also defined as-“’executing on the interrupt stack.” Ee pcaity associated with an 
interrupt is specified by the i interrupt priority level (IPL). mM 


Interrupt Priority Levels—The VAX architecture has 31 irae priority levels eine into 15 
software levels (1 to F hexadecimal) and 16 hardware levels (10 to 1F hexadecimal). Table 15 lists the 
CVAX 78034 IPL, priority, and the conditions causing the interrupt. 








: Table 15 = CVAX 78034 Interrupt Priority L Level is bisa ac 






Priotity intl be Con dition 
(hexadecimal) | 
Highest P “dF ee re 
3 (°1E PWRFL asserted | 
ae B teas 1C unused 
TTA  TERD asserted 
1 18,19 yy unused © 
“Ag | IRQ3 asserted 
67016 INTTIM asserted | 
<3 Saemeace TRO iederied” 
15... JROT asserted ~ 
14 TRQO pote 
10 through 13. unused 
Lowest 01 pigiebacie OF software i interrupt request 


| 


The i interrupt system is eeseeeliad ty the At Priority _ register, the Software Interrupt 
Request Register (SIRR) and the ies Tatespt sain Register (SISR). The IPL corres- 


ponds to PSL bits 20: 16., ee saves 
Software Interrupt Paced Register - (SISR)—The SISR, is a privileged register ‘that records 


pending software interrupts. It contains ones in the bit positions that correspond to levels on which 
software interrupts are pending. Figure 27 shows the SISR format. rok oeygid 
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ey PENDING SoA INTERRUPTS: | 








, Figure 27 » CVAX 78034 Software Intemupt Summary. 


Software Interrupt. Request Register (SIRR)—The SIRR is a write-only 4-bit. pe eety register 
used for initiating a a software. request. The “software, requests an interrupt by, writing. the 
appropriate, level t to the SIRR. Once a software reqi est is made, t yrrespr onding bit in the SISR is 
set. The processor will clear the bit in the SISR when the i interrupt has been taken. Figure 28 shows 
the SIRR format. 










CHINE IGNORED do0x2 lo Bore 8l> ole SiR CUEETTO 


field in rhe processor status estat igo 2 29's MY ows 5 the IPL revistat Ksustien, 





| as ‘PSL<20:16>- 
Figure ae cvax 7803 4 i Pr riority Level Regier Format 


Piadeare and software i interrupts are ¢ initiated ba the followin conditions. 


eiandware Lace gam rn ma apts S ‘are 






aoe ners anys sigt ory that i is prener4 to ite curtent IPL lof the CPU J Abe any: yobs hiss pad 
signals have. have an IPL I igher than the CPU, an. J,-an interrupt will be taken. For interrupts generated by the 
HALT, PWREL, MEMERR, CRD, and INTTIM, the CPU internally generates a vector which is an 
offset into the SCB. For interrupts generated by IRQ<3:0>, the CPU executes an interrupt 
acknowledge cycle'to fetch the vector from the device requesting the interrupt. 


An interrupt is serviced at its priority level except for interrupts requested by ll O<30> that’ are 
serviced at either their associated IPL or TPL 17 (hexadecimal). ‘The level at which an interrupt 
requested by an: TRO3:0> is serviced is determined by DALO0 when the device sends the vector to 
the CPU. When DALOO is a 0, the interrupt is serviced at the IPL absocisted’ with the asserted 


signal. When DALOO is a 1, the interrupt is serviced at IPL 17 (hexadecimal). 
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Software interrupts—Software interrupts are requested by system or user macrocode by writing a 
value into the Software Interrupt ‘Request: Register (SIRR). The value written to the SIRR is one of 
the IPL levels (hexadecimal) assigned to software interrupts. Writing a value to the SIRR results in 
setting the corresponding bit in the software interrupt summary register. The interrupt controller 
compares the IPL of the highest pending software interrupt request to the current IPL of the CPU. 
If no outstanding hardware interrupt exist and the IPL of the software interrupt is higher than the 
current IPL of the CPU, the interrupt will be granted. The CPU internally generates the interrupt 
vector in the SCB. 


The software interrupt; system is affected by ; an REI instruction or other event that changes the IPL 
of the CPU! If the IPL is changed to a value lower than the highest pending software interrupt 
request and no hardware Interrupts are pending, the interrupt controller grants the software 
interrupt. | 


Exceptions 

An exception is an event resulting from the execution of a specific instruction. Exceptions also 
include errors automatically detected by the processor such as improperly formed instructions. The 
CVAX 78034 ies ae the six classes of Became summarized i in Table 16. 


Table 16 « CVAX 78034 CPU Summary of Exceptions 


Exception class Cause 





arithmetic traps/faults integer overflow trap vieaie 
ee, © ee ee ‘integer divide by zero trap 
subscript range trap 
floating overflow fault 
floating divide by zero fault 
. floating underflow fault . 





memory management exceptions, _. access control violation (ACV) fault 
sige translation not valid (TNV) fault 


operand reference exceptions __ __ reserved addressing mode fault 
—  veserved operand fault or abort. 


instruction execution exceptions reserved/privileged instruction fault 
emulated instruction fault 
‘customer reserved | instruction fault 








breakpoint fault 
tracingexception trace fault ah _ 
system failureexceptions | © = = ~~‘ machine check bborr including read/write bus and nail 
pve byirnituy atqurisin tof ios) oepbors, cathe parity érrors, atid FPA: protocol er errors - 
oro. kernel stack not valid abort» fw 
interrupt stack not valid abort: 





System Control Block. | A 
The. System. Control Block (SCB) is is a page lead hee in phrscd memory ee contains ne 
vectors for servicing interrupts. and exceptions. Table 17 lists the system control block vectors. The 
SCB is pointed 1 to by the system control block base register SGBB). The r registen, format is shown in. 
Figure 30. | Cj | Paar 
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Table 17° CVAX, 78034 System Control Block Vectors 





Name Joy Lerisuideb eilovel fino Ge wen cr Rppewd fen 





38-3C 


40. 
44 

48 

4C 

50 

54 
58-5C 
60 
64-80 
84 
88 

8C 
90-BC - 
apse 
C4 
C8 

CC 
DO-FC- 


200-FFFC 


~ software levels 4 through 1 6 ~ ARRCET UE. 

‘interval time = po a ae E Cag RUDE 3 

caunused oben ball ie 9 ne ee Ce 

> emulation start. odetia bet tonne. nororttale oes GT 
e ‘{ emtularion conti ealdiazan te ososurten: ald fault dusd 


ae passive felease , ae . ok ee ‘interrupt | = 

Het machine check — a ee NO" coat 
. ~ kernel stack not valid — oe pi i - “abort e 

| “powerfail — wae ellie 0 - bots P e 

; “teserved/privileged i instruction | ne bay er én - fault, 

~ ustomer reserved i instruct Poe ak, ay, “fault 

"reserved operand © say fc ee etal 





_ interrupt _ - 





Creserved saciecuiae mode = eee ~ fault * 
access control violation (nd Bice aes * fale: ee 
tranislation'notiwalid!’) O70")! to Socks cote faile 2 224 
trace pending (TP) — | | fault 
Sioned instruction | “fault hig 


arithmetic peal a. cc deatael eta ann ral 


t PY 


CHME TASTRE SEPT OLIN DL COON TE ppaggle2O cI 


. unused .. Lee ett can! re eee ox ieee ee 


memory error interrupt 


unused _ Le ere 


a), ESE ey oe 


software ia | Eat tit Cree eee : ee oa aide : 
“software level Qi oc ons brie eon le cobippeeeupt 


software level 3. mesh teas “comet. oi or imtebuptl 





aataieee vebtogg 2 A RS tone * interrupt - 








Figure 30* CVAX 78034 System Control Block Base Register Format 
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SCB vectors from 100 through FFFC (hexadecimal) are used to directly vector interrupts from the 
external bus. The SCBB vector index is determined by bits 15:02 of the value supplied by external 
hardware. The new PSL priority level is determined either: by:the external interrupt request level 
that caused the interrupt or by bit 0 of the value supplied by external hardware. If bit 0 is cleared, 
the new IPL level is determined by the interrupt request level being serviced. If bit 0 is set, the new 
IPL is forced to 17 (hexadecimal). The ability to force the IPL to 17 supports an external bus, such as 
the Q-bus, that cannot guarantee that the device generating the SCBB vector index is the device 
that originally requested the interrupt. For example, the Q -bus has four separate interrupt request 
signals that correspond to IRQ <3:0> but only one interrupt grant is daisychained. Devices on the 
Q-bus are also arranged so that higher-priority devices are electrically closer to the bus master. If an 
IRQ1 is being serviced, a device with a higher priority may intercept the grant. Software must 
determine the level of the device that was serviced and set the IPL to the correct value. 


External devices, except devices that emulate the console storage and terminal hardware, should 
use only the vectors in the range of 100 to FFFC (hexadecimal)... 


Machine Check 
A machine check occurs as a result of serious eral CPU errors or external CPU errors Bie: as 
memory subsystem errors. These errors and conditions include 


: FPA protocol errors. 





: Impossible situations in memory management. 


= Unused IPL requests. 





: Impossible situations in the CPU microcode. 

« Bus memory errors. 

= Multiple errors. 

Machine Check Processing—The CPU processes a machine check as follows: 


- If an exception is in progress and a machine check occurs, a processor restart is executed by the 
CPU. Refer to the Processor Restart description that follows. 





- If the current instruction can be suspended (MOVC3, MOVC5), the state of the processor should 
be saved and the machine check handled. | 


- If the instruction cannot be suspended, the state of the processor should be returned to the 
beginning of the instruction, if possible, and then the machine check should occur. 


An instruction that cannot be restarted after the machine check is considered nonrecoverable and 
the current process or the operating system must be terminated. 


When a machine check is generated, the CPU sets an internal serious error flag and eerie 
machine check exception processing through SCB vector 4. A machine check exception is always 
processed on the interrupt stack. When machine check exception processing is complete, the CPU 
clears its internal serious error flag and the next instruction is decoded. The parameters recorded 
on the stack for a machine check are shown in Figure 31 and listed in Table 18. 
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BYTE COUNT (00000010 HEX) 


MACHINE CHECK CODE 


MOST RECENT MEMORY ADDRESS 


INTERNAL STATE INFORMATION 2 


INTERNAL STATE INFORMATION 1 





Figure 31 = CVAX 78034 Machine Check Stack = 


Table 18 =» CVAX 78034 Machine Check Parameters, 
Machine check code (hexadecimal): 





code definition 

1 FPA protocolerror,, | , 

2. __ FPA reserved i instruction oC 

3 FPA unknown error 

4 FPA, unknown €1Ok) 5s. 

5 process PTE in PO space (TB miss) 

6 process PTE in P1 space (TB miss) 

ri process PTE in PO space (M=0) 

8 process PTE in P1 space (M=0) 

ae undefined interrupt ID code 

Ad. impossible microcode state ead 
BOR os read bus error, normal read 

BL read bus error, SPTE, PCB, or SCB read 
82. ~_- write bus error, normal write 

83 write bus error, SPTE or PCB write. 
Most recent memory address: 

address _—value 


31:00 current contents of VAP register | 





Internal state information 1: 


bits value 


31:24 current contents of opcode 7O°o 

23:20. 3 TL : | 

19:16. current contents of HSIR 3:0 

15:08  — current contents of CADR 07:00. 
07:00. current contentsof MSER07:00 — 
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Internal state information 2: 


bits value 

31:24 current contents of SC 7:0 

Zr22 11 1 

21:16 cufrent contents of State 5: 0. | : 
15 current contents of VAX CAN’T RESTART. bit | 
14:12 111 
11:08 current ALU condition sates 

07:00 delta PC at time of exception 

Program counter (PC) 

bits value 

31:00 PC of start of current instruction 


Processor status iongword (PSL) 


bits value 
31:00 current contents of PSL 
Machine Check Errors - | 


Machine check errors include protocol errors, memory management, and microcode i impc ssible 
situations, bus memory errors, and multiple errors. 


Protocol—CVAX 78134 FPA checks for the proper order of requests from the CPU. If a protocol 
violation is detected, a machine check occurs. All FPA protocol error machine checks are 
nonrecoverable. The error should be logged and the currently running ‘process or the operating 
system should be terminated. The hexadecimal codes gla for a FPA prototol e error are 


Code Error 

1 FPA protocol 

2 FPA reserved instruction 
3 and 4 FPA unknown 


Impossible situations (memory management)—The CVAX CPU checks for some impossible 
conditions in the memory management unit. If an impossible situation is detected, a machine 
check occurs. All impossible memory management machine checks are nonrecoverable. The error 
should be logged and the currently running process or operating system should be terminated. The 
current memory management registers (POBR, PIBR, SBR, POLR, PILR, and SLR) should also be 


logged. The hexadecimal codes generated are © ne oak rere 
Code Machine check error alae dod atta 
5 The calculated virtual address for a process PTE is in PO space (TB miss Ase) 

6 ‘The calculated virtual address for a Process PTE is in P1 space (TB miss flows) 

7 The calculated virtual address for a Process PTE is in PO space (M=0 flows) 

8 The calculated virtual address for a Process PTE is in P1 space (M =0 flows) 


Unused IPL request—The CVAX CPU uses 13 of the 16 hardware interrupt priority levels as 
defined in the VAX architecture. If an interrupt at an unused’ hardware IPL is requested, ‘a 
hexadecimal code and machine check occurs. The unused IPL machine check is:nonrecoverable. 
The error should be logged. A nonvectored interrupt representing a serious error (corrected read 
data, memory error, powerfail, or processor halt) has probably been lost. The operating system 
should be terminated. The hexadecimal code and error is 
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Code Machine check error 
9 nel interrupt controller returned an interrupting IPL of 18, 19, or 1B (hexadecimal) — 





Impossible situations (microcode) —Because of size constraints, erroneous, branches i in Wiecae 

will usually result in the execution of random r microinstructions. However, if the microcode detects 
an impossible situation, a machine check occurs. The impc sible m 1icrocode machine check i is 
nonrecoverable. The error should be logged, and the cu ing process or the operating 
system should be terminated. The following hexadecimal code and error is generated. ? 


Code Machine check error _ 
A MOVC3 or MOVCS in impossible state 
Bus memory errors—If external logic asserts | 


instruction . prefetch | or, interrupt, acknowledge, ? a mack ine 
hexadecimal code i is generated. _ | 









to.a memory cycle. Siler ane an 
sheets One, and the: following | 





Code Machine check error 


80 read bus error, normal read 

81 read bus-error, SPTE, PCB, or SCB ok 
82 rite bus error, normal write 

83 write bus error, SPTE-or PCB write 


Bus memory error machine checks may be recoverable depending on the érror code, te VAX Can't 
Restart flag, and FPD flags in the machine check stack frame: Bus memory error machine checks 
that are recognized by the CPU as restartable may be nonrecoverable for system reasons (e.g., a read 
lock may be outstanding). -On a nonrecoverable error, the error should be logged, and the currently 
running process or the operating system should be terminated. The code and. relationship i is 





Code | VAXcan’t - FPD* \ ction a 
| | restart* _. = = ce 
fae | 1 _restartable_ 
82, 83 : © X 7 —— ees 


Multiple Eeropel=If the CVAX CPU encounters serious errors that are nested together (e.g., kernel 
stack not valid inside a machine check) or other conditions that cannot be processed by the system 
macrocode (e.g., HALT instruction:in kernel mode), the microcode places the current PC in internal 
processor register SAVPC and. the current PSL, MAPEN, and restart code in internal processor 
register SAVPSL. It then executes a processor-restart. sepia i a i inant 


Processor Restart—If the hardware or kernel software environment becomes severely Lorrupted, 
the CPU may not-be able to continue normal p processing. The CPU then executes a processor restart 
operation and transfers control to the recovery code-beginning at physical. address 20040000 
Lianaieune The aAyEC register contains the previcus PC. pelea the SAVPSL oak contains 
13:08. The restart codes are SS in + Table 9. The state ret dhe CPU ae a processor t restart is as 
follows. All other registers are not defined. 


45,9 
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SAVPC,, » ,.--,Saved PG op cr 4. 

SAVPSL _ saved PSL bie 31:16. 07:00 i in a bits 31 16 re 07: 00, saved MAPENO i in n bit >, valid 
uo stack flag i in bit 14, and saved restart code i in bits 13: 08 ps . Hecw eh 
SPs interrupt stack pointer == ASTIVL 4 (powerup only) ais dus 
Pol ~041F0000 (hexadecimal) 2 ICCS. cleared (powerup only) ies 
PC, 20040000 (hexadecimal) ~~. MSERD cleared (powerup only) _ 
MAPEN cleared | CADR cleared (powerup only), 
SISR cleared (powerup only) | 





Process Structure 

A process is a single thread of execution. The context of the « current process is contained i in ‘the 
Process Control Block (PCB). The PCB, as defined by the CVAX 78034 CPU, is shown in Figure 32. 

The PCB is located in physical memory and is pointed to by the Process Control Block Base register 
(PCBB) shown in Figure 33. 


7 


AP (R12) 
_FP(R13) _ 





“NOTE: THE PME FIELD IS UNUSED. 


Figure 32 * CVAX 78034 Process Control Block Format 
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_ PHYSICAL LONGWORD ADDRESSOF PCB. ss,» —s |MBZ]_ :PCBB 


| Bigure 33 « CVAX 78034 Process Control Block Base Register 


Processor Registers = it~ 7 ey 9 ase ees. “| ; : 
The VAX architecture defines the ceed Provtiior Registers PRs) ‘Seat of ees registers are 
implemented in the CVAX 78034 CPU and some can be implemented i in external logic and accessed 
by the CVAX CPU. These registers are explicitly accessed by the Move ‘To Processor Register 
(MTPR) and Move From Processor Register (MFPR) instructions. Table 19 lists the internal 
processor registers and their categories. that are defined as follows: 


1 Implemented byt the CVAX CPU as seri in the VAX Archie 8 Standard a DEC Standard 
032). | | rit 


f t a 4 





3 3 Passed to excenal 1 logic via an. sisal processor register cycle. If not externally implemented, 
_ they are read as zero and perform no function during w: write 0 Sree aaa 


4 Access not allowed d (reserved operand fault). 


0 












"Scope Ini Category 





- ae Stack P Pointer 








_ Executive Stack Pointer 
Supervisor Stack Pointer 7 


User Stack Pointer 





Interrupt Stack Pointer 








} by ae a iw f bepPi Pelee Phe ALP UPOD. UP OME bg ae UY 











8 | POBaseRegister 7 POBR RW PROC Ta 
Oe 


“PO Length Register = SSPOLR RWS PROC 





10 PiBaseRegister  °  PIBR uu RW Pee 





11 —s Pi Length Register = = PILR. ss RW. PROC 








13 SystemLength Register == SLR. «5 SRW CPU 


14 ~~ reserved _ Pel fy. gtd ie ee 


15  ~—— reserved LL — aie ade Re ae 





+ 
i 
1 
1 
12 System Base Register == sti‘ SRR RW Ae sis ee hes 
| 7 
+ 
+ 
] 


iG. ‘Procece Control Block Base. pepe RW PROC EE ts 


*Refer to Processor Register description. 
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18 Interrupt Priority Level 
i AST Level 


20 Software Interrupt Request 





21 __ Software Interrupt Summary 


22. -Interprocessor Interrupts. 





23. ~~ CMI Error Register - a 





24 Interval Clock Control 


25 Next Interval Count 





26 Interval Count 
27. Time Of Year 


28 Console Storage Receiver Status 





29 Console Storage Receiver Data 





30 Console Storage Transmitter Status. 


31. Console Storage Transmitter Data . 


Da Console Receiver Status 





— SISR 








IPL 


ASILV I, 
SIRR 


IPIR«: 


~— CMIERR | 
~ICCS 


NICR 
ICR 


TODR 7 


CSRS 
CSRD 


ESTES. 45 


CSiD 
RXCS 





33, Console Receiver Data _ 

ae Console Transmitter Status 

35 = Console Transmitter Data 

SG. ; Translation Buffer Disable : 
aT Cache Disable 

38. Machine Check Error Summary 
39 Cache Error | 


40 Accelerator Control/Status — 


4t Console Saved Interrupt Stack Pointer 


42 Console Saved PC 
43, Console Saved PSL | 
+4 : WCS Address... | 

45 WCS Data 


46 reserved 





47 ~~ reserved 


48 | ~~ SBI Fault/Status — 


“Refer to Processor Register description. 


RXDB 
TXCS 
TXDB 
TBDR 
CADR 
MCESR 
CAEK 
NCGS 





RW 
W 





RW 


RW 
| RWW 


CPU 
CPU 
PROC | 
CPU 








Initialize Category* 





| 
7 


oe VOS 


ves 








1 














CPU" a= 
CPU; — 
CPU = 
CPU a 
CPU — 
CPU = 
CPU _ 
CPU 
ep 
CPU.” .23 
CPUS” 








SAVISP™ 
SAV PC 
SAV PSL 


~ WCSA 


WCSD 


SbIFS~ 
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sae ogee ts Rae hy Ae age Ae 


eS) 


Cea eee oe ee eee ee ee eee ee 









pre Lo wet Name cc ee IDF MIE BCE), 





50 SBI T Silo ere SBISC | RW CRY faassen edi 





51 SBI Maintenance SBIMT RW CPU 7a 
















we SBI Error Register «0/2 ANGSeY 
ea P Timeout Address. be ae " 
cighe. 3B: Quadword Clear : | é : 
~ 1O:Bus Reset) } | 
Memory Management Enable AW 
57 Trans. Buf. Invalidate All PRIA Ww 
58 _ Trans. Buf. Invalidate Single = TBIS. Ws CPU__ 














4 
3D Translation Buffer Data | TBDATA : RW CPU ee : 3 





60 — Microprogram Break 





| MBRK RW CPUC | 
61 Performance Monitor Enable PMR | RW _PROC ake 








63 : Tarleton Buffer Chedle™ ne iS a TBCHK Ww CPU "Ge ie 
64:127 reserved : | | | ne | i a | i 





3 
3 
62 | System Ideacificdtign.. 2g : SID | “id Jee CPU = st es od 
4 





*Refer to Processor Register description. 


Data and Bus Cycle Classification” | 

Data cycles and read/write bus cycles, in the CVAX CPU, are prouped according to disses The 
classes are determined by the type of data to be a iraiisibited and if t a is required immediately 
by the CPU. Status information, related to the type and class of bus cycle, is transferred onto the 
CSDP<2:0> lines during the address part of a bus cycle. 


Data Class—The data class includes ‘T-stream (instruction stream) and D-stream (data stream). 
I-stream references are generated by the CPU when. prefetching instructions in the instruction 
stream. D-stream references are generated by the CPU when data is required by the executing 
instruction, when resolving a failed I-stream, reference, ¢ or r when fillis g a, cache memory location. 
Bus Cycle Class—TI There are three basic } :: ‘andone write cycle. The-cycles are 
request-I-stream read, request D-stream read, and demanc ream read and write. Each class of 
bus cycle is also grouped according to the type of bus or memory y operation performed. These are 
read, read lock, read modify intent, read no lock or modify, write unlock, and write no unlock. 


Request read cycles are generated when data is not immediately required by the CPU. For example, 
prefetching the I-stream (request I-stream read) and filling the second cache cate during a 
D-stream read (request D-stream read) generate request reads. 























Demand read cycles are generated when data is immediately required by the CPU. For 
when an operand, PTE, SCB and PCB references all generate demand D-stream reads. 


Write = eycles « are. generated when data is tobe written to cache and, eeigeeel: aiaaies 


ili 
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Resicet made errors ually do not atic program 5 flow and eas ade errors cause a Sees 
check abort. The effects of errors on the operation of the CPU during these Se are ae in 
the Error Handling section. 


Cache Memoiy 

To optimize the performance of the memory subsystem, the CVAX CPU contains a 1 KByte, two- 
way associative, 8-byte block cache memory. Cache memory can be configured to store I-stream 
only, I-stream and D-stream, or D-stream only (diagnostic use) references. 


Organization— The CVAX CPU cache memory is organized into two sets of 64 rows as shown in 
Figure 34. Each row in a set is made up of a Valid (V) bit, a 20-bit tag with parity, and 8-byte data 
block with byte parity shown 1 in Figure 35. | | 


SET 1 r pbste Sel 2 


TAG DATA TAG | DATA 


(20-BITS WITH (8 BYTES WITH PARITY) (20-BITS WITH | ‘(8 BYTES WITH PARITY) 
28 Rows | PARITY AND | 25Rows| PARITY AND 


VALID BIT) VALID BIT) 





93 72 71 00 93 72091 ol Doe Fb oud Sera 


~ Bawre 34 « CVAX 7 803 34 oe Memory Organization 





P = PARITY BIT 
V = VALID BIT 


Figure 35» CVAX 78034 Cache Tag and Data Format 


Control ae : = ae maa | 
Operation of cache memory is eeiitrettea 1 by the Cache 1 Disable Heclitee: (CADR) and the CCTL 
signal. Status information’is reported by the Memory Error’ Register (MEMER) and CSDP3. The 
CADR register determines the operating mode of the cache and selects the set(s) to be enabled. 
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External logic can use the CCTL signal to prevent the storing of data in cache during CPU read 
cycles and to invalidate cache entries during DMA cycles that write to a memory location stored in 
cache. CSDP3 allows external logic to track the set in the internal cache that has been seaiglire 
This allows a coherent external cache memory system to be constructed. 


Access—A cache memory location is accessed by a physical address generated by the CPU. The 
cache physical addresses are style in ay 36. The os of each Held of the physical address 
is described in Table 20. 


2928 0908 0302 00 


| CACHE INDEX, 





Vo SPACE ee es be ee Te " BYTE/WORD/LONGWORD 
, Ret SELECT . 


Fi 36* CVAX 78034 4 Physic. Address for Cache Access 





Table 20 « CVAX 78034 Physical Address Description 


Bit —_—_— Description 





29-0 (input/output) \—This bit jadiguics whether fhe physical pep eats is in nO space. When 
set, the physical address is in I/O space. I/O. space references are never stored i in cache. ; 


28:09. Label—These bits are compared to the TAG field ) of the row , selected: by the Cache 
Index bits 08:03. : : 


08:03. Cache Index—These bits select the row in cache memory to be secur 


02:00 Byte/Word/Longword Select—These bits select the bytes to be oe in i data block 
when there is a cache hit. : 





Cachable reference—A cachable reference has the: following characteristics: 


- The reference matches the type selected by bits 05:04 of the CADR. These are eae only, 
I- stream and D D-stream, or D- stream only (diagnostic sine 





= The references is. not aread lock reference. 


« The reference is not in I/O space, bit 29 of the shysidil Tee is 0. 


Cache hit—A cache hit occurs when the requested data is present. and valid in cache memory. Avhit 
is recognized when the label field of the physical address is the same as a tag in the selected set(s) 
and the entry is valid. During a CPU read operation, the data is from cache memory and no external 
bus cycle is performed. During a CPU write operation, cache memory and external meRory are 
updated. This is defined as a write-through. ) , 

Cache miss—A cache miss occurs when the requested data is not in cache memory or is not valid. A 
cache miss during a CPU read operation results in a cache allegation if the reference is a cachable. A 
cache location cannot be allocated on a write-miss. 7 0 


‘Cache allocation—The CVAX CPU allocates a cache memory Ieeition when a CPU read operation 
to a cacheable reference results in a cache miss. When the CVAX allocates a cache memory location, 
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Bide) 


i - Preliminary — 


it initiates a multiple transfer CPU read cycle. This bus cycle will read two. longwords from memory 
to fill the allocated 8-byte row in cache. The first longword read is the one that contains the data 
requested by the CPU (preferred longword). The second longword read completes the aver in 
the row. 


Random set selection is used when both sets in cache memory are selected. The CPU does not 
differentiate between valid and invalid entries when selecting the set for a cache allocation. When 
the CPU allocates a row in cache, it clears the valid bit for the row in the selected set, fetches the 
preferred longword, fills the row with the second longword, and sets the valid bit if no errors occur. 
Refer to the Multiple yee CPU Read Cycles section. 


Error Handling 

The response of the CVAX 78034 CPU to errors depends on the type of error a and the 
function being performed at the time the error was reported. Some errors result in an interrupt, 
and the CPU responds to other errors. Errors reported by the assertion of the CRD, MEMERR, and 
PWREL signals generate interrupts. Bus errors, DAL parity errors, cache parity errors, and memory 
management errors have a defined response from the CPU. 


Bus errors—External logic notifies the CPU of a bus error by asserting the ERR signal during a bus 
cycle. The response of the CPU to a bus errors is summarized in Table 21. External logic can also 
request a retry of some > bus cycles by asserting the ERR ERR and RDY signals. | 


Table 21 - CVAX 78034 Response to Bus Errors and DAL Parity Errors — 


Cycle type Prefetch Cache! Error status?’ —Results. 
demand D-stream — entry is logged in machine check — 
(read) 7 invalidated MESRbits 06:05 abort 

write — | -~ — 7 machine check 

| a abort . 

request D-stream — entry is logged in . — 

(read) invalidated MESR bit 06 
~tequest I-stream prefetch entry is — Joggedin ss 

(read) — halted | invalidated MSER bit 06 


‘The entire row in cache memory selected by the faulting mea is invalidated beret ie 
reference is cachable or not cachable. The entries from both sets are invalidated. 
Only DAL parity errors will log the status. 


DAL parity errors—External logic enables DAL parity checking by asserting the DPE signal: Each 
8-bit byte of DAL data is conditionally checked by a parity bit. Odd data bytes have odd parity and 
even data bytes have even parity. The parity sense is alternated i in order to detect stuck-at-one faults 
and stuck-at-zero faults. DAL parity checking can be disabled, referente by aca alca by 
deasserting the DPE signal. | 

The action following the detection of a DAL parity error depends on the type of reference: During a 
demand D-stream reference, the cache entry is invalidated, the cause of the error is logged in the 
MSER bits 06:05, and a machine check abort is initiated. During request D-stream and I-stream 
references, the cache entry is invalidated, the cause of the error is logged in MSER a 06, and no 
abort occurs. Table 21 lists responses of the CPU to DAL parity errors. : 
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Cache parity—The CVAX CPU protects the internal cache with parity. Each 8-bit byte of cache 
data and the 20-bit tag field is checked by a parity bit. Odd data bytes record odd parity and even 
data bytes record even parity. The tag field records odd parity. The stored parity is valid only when 
the valid bit associated with the cache entry is set. Cache parity is checked on all cachable read and 
write references that can be stored in cache and on DMA invalidate cycles. Read cycles report cache 
parity errors when a valid tag matches bits 28:09 of the physical address and either the stored tag or 
the longword selected by address bit 02 generate a parity error. Write and DMA invalidate cycles 
report cache parity errors when a valid tag matches bits 28:09 of the physical address and the stored 
tag generates aparityerror. 





The results of detecting a cache parity error depend on the reference type. During a demand 
‘D-stream reference, the entire cache is cleared and disabled (CADR is cleared), the cause of the 
error is logged in MSER bits 04:00, and a machine check abort is initiated. During a DMA 
invalidate cycle, the cache remains unchanged, the cause of the error is logged in MSER bits 3:0, 
_and an abort does not occur. During a request I-stream reference, the entire cache is cleared but it 
remains enabled, the cause of the error is logge in MSER bits 3:0, Gait is halted, and an 
abort does not occurs. 


The responses of the CPU to stiches abies errors is listed in Table2 223: 


“ Table 22° ‘CVAX 78034 Rasptice to Cache Parity Error — | 





Cycle type ; ]y ; Prefetch | Caghesrog oc PF ch Biror status Os ~-Results : 





demand D-stream — “clearcache’ =—soggedin machine ny 
(read) and disabled! MSER bits 04:00 abort 
write oo 7 clearcache' — logged in a 
cache hit : —_ MSER bits 03: 00? 

DMA invalidate _ ets i no cache loggeedin ss — 
cache hit change MSER bits 03:00? 

write aaah vf es (not possible) 

cache miss 

request D-stream : (not possible) 

(read) 3 

request I-stream _ prefetch clear cache! logged in — 
(read) halted MSER bits 03:00 


'The cache is cleared only if CADR bit 00 is cleared. 

?A parity error is detected only in the tags. 

Memory Management Error—The CPU response to memory management faults is listed in Table 
23. Refer to Memory-management Faults for a description of memory management faults. 


Table 23 = CVAX 78034 Response to Memory-management Faults 


Cycle type Prefetch Results | 
demand D-stream — memory-management fault (ACV, TNV, etc.) 
(read) | | 
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mary. 





Cycle type” — Prefetch © Results” 





write eee ae '. ~ | iA ; merhory-management fault (ACN, TNV, at 





request D- stream (not possible) | 


(read) | 





: request 1a prefetch halted 
(read) 


Interfacing Requirements 


~The power supply, clock timing, and bus connections to the CVAX CPU chip are described i in ‘ihe 
following paragraphs. 


- Power and Ground Connections — inet 
The CVAX 78034 requires a single 5-volt power supply. Six Vpp pins and six V,5 pins connect to the 

\ power supply and ground. The TEST/V,, pin connects to the supply ground or can be used for test 
purposes. Figure 37 shows the power and ground connection and decoupling. Table 24 lists the 
CVAX CPU pin and associated power and ground requirements. 


Note 
Care must be taken when connecting the Vpp and Vss pins. The Vpp, pins should be connected 
together and to the 5-volt power plane using short wires. The V,, pins should also connect together 
and to the ground plane using short leads. The power supply should be decoupled by connecting a 
0.33 f and a 0.047 f ceramic or equivalent capacitor between each Vp» pin and its associated V6, pin. 


VSS VDD 
‘| Oo +5V 
7 047| 33 | 33] .047 mf 
+5 vate VSS 
+5V = 
VSS 
i 
i 047 33 
: VDD Aare 
+5 V0 CVAX 78034 CPU 
ul 047] 33 
VSS 
"vss 
|! 
33] .047| Hu i 
Do +5V 


VOD. ses 





33 1 | 
VSS | uP 
| 1047 oe es Fee 
O47 


eee * » & Smal f 
pre FE gli Ho eG 


+5V 


ALL VALUES. IN uF. ALL CAPACITORS CERAMIC OR EQUIVALENT.: 


_ Figure 37» CVAX 78034 CPU Power and Ground Connections 
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Table 24 - CVAX 78034 CPU Power Distribution 


Pin Type Output signals powered — 

76,53 Vii DAL<31:00>, BM<3:0> 
75,52 Vs: DAL<31:00>,BM<3:0> 
77 Vpp cache and internal IDAL drivers — 





Al 
forme 




















ae cache and internal IDAL drivers — 
1,36 Von internal logic pe 7 | 
29] Ncge Uereek internal logic | oe | 
21 Vo CPDAT<5:0>, CPSAT<1.0>, “TEST, CWE, CCTL, DMG, DS, AS, 
DBE; WR, CSDP< -0O> . 
a2 Veo CPDAT <5: 0>, CPSAT<1:0>, TEST, ewe, CCTL, DMG, DS, WR, 
20 Ny: 
Clocks and Synchronization 


The CVAX CPU uses two precision MOS. clock inputs to generate its internal timing and control 
signals. These clocks are provided by the CVAX 78135 clock generator. The TTL level oscillator 
input provides the two 180- Dedegree, ae shifted, precision MOS clock signals required by the 
CPU. | 


The RESET, RDY, and ERR oe) to ts CPU must be asserted synchronously with respect to the 
CLKA and CLKB inputs. To aid the system designer, the CVAX 78135 clock (CCLOCK) generator 
provides a common synchronization point for these signals. This allows peripheral support chips 
and other devices to operate asynchronously with the CCLOCK and to synchronize these inputs to 
meet the timing requirements of the CPU. Figure 38 shows the CVAX 78135 CCLOCK in a CVAX 
78034 CPU system. Care must be taken during board layout to limit the amount of skew between 
the CLKA and CLKB inputs of the CVAX CPU so that the timing parameters are met. 
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VDD 

VSS 
TEST CONTROL 1 TEST 
TEST CLOCK SOURCE | TCLK_IN 







4 CLKIN | 
| MCLKA.B} 






RESET | 





smnriniiassicenes RDY 
PORE se D a2 








POWER UP | | Cvax 78034 


| LOGIC 









CVAX 78135 
CLOCK CHIP 






| ASYNCHRONOUS 
[SYSTEM 
INTERFACE 











| CVAX 78134 | 





{f OTHER | 
| SYNCHRONOUS 

SUPPORT | 
CHIPS 


ny NOTE: — 
| TEST, TCLK_IN, SYSRDY, SYSERR, RDY, 
| AND ERR REQUIRE PULL-UP RESISTORS. 


| Figure 38» CVAX 7 8034 CPU System with CVAX 78135 Clock Generator 


Strobe Termination 

To eliminate interactions between the output strobes of the CVAX 78034 CPU, each strobe output 
must be terminated with a series resistor. The strobe ouputs that requiring resistors are AS, DS, 
DBE, WR, DPE, CSDP< 3:0>, and CWB. The resistor value should be from 209 to 472, however, 
the value depends on the layout and loading of each strobe. The resistor value selected should 
dampen the transmission line reflections. A 10Q series resistor reduces a glitch by approximately 
1.0 volt. The terminating resistors should be connected as close to the signal pin as possible. 


Bus Cycles 
The CVAX CPU performs a bus cycle when 


« Reading or writing information to or from memory, a peripheral device, or an externally 
implemented processor register. 


= Acknowledging an interrupt and reading a device interrupt vector. 


: Transferring information from or to the CVAX 78134 FPA. 
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_ Figure 39 shows the bus connections used by the CVAX CPU. 


INTERRUPT 
CONTROL 


DMA 


CONTROL *L < 


CACHE MEMORY 


AND WRITE BUFFER { 


CONTROL 


| PWRFL AS | 
>] CRD BM<3:0> | 
1 MEMERR ; | 


>| IRO<3:0> 








DS. 
AS 





| HALT 
















: BYTE MASK 


BM<3:0>. 
| LATCH ne 







INTTIM 


_ CONTROL STATUS | CS<2:0> 


BATCH 











CVAX 78034 
CENTRAL PROCESSOR 
UNIT! | 





PARITY = 
TRANSCEIVERS 





CS DP<3:0> } : — 


3/5 


ate EE 





DATA ES 


TRANSCEIVERS [80<31:00> > 





S| | appress- 
1/ | LATCH 















| AS 


>| DAL <31:00> 






——e} CPSTA<1:0> 
©] CPDAT<5:0> _ a 
OL LKB. - CVAX 78194 | 
*{RESET Ace eRaTOR.| 


_CPSTA<1:0> be 
5, EEDATS EES Pe 


















Figure 39 » CVAX 78034 CPU Bus Connections | 


A microcycle is the basic timing unit for a bus cycle. A microcycle is defined as four clock phases (P1 
through P4) as shown in Figure 40. Detailed timing information for the following bus cycles is 
contained in the ac Electrical Characteristics. 


P3 
CLKA 


P4 


CLKB 





MICROCYCLE MICROCYCLE 


Fi P3 


P2 


Figure 40 » CVAX 78034 Microcycle 
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6 The CPU completes the cycle by deasserting DS, DBE and AS. 


EDSODEO Preliminary CVAX 78034 


Idle cycle—An idle cycle requires one microcycle. During an idle cycle; DAL<31:00> are 
undefined and the bus control signals are not asserted. 

Single transfer CPU read cycle—During a single eeneter CPU read cycle, shown in Figure 41, the 
CPU reads'a minimum of one longword from main memory or from an I/O device. A single transfer 
CPU read cycle requires two or more microcycles. Additional microcycles are always in increments 
of a microcycle. The sequence of events is 7 


1. The CPU transfers the physical longword address onto DAL < 29:02 >. DAL < 31:30 > are set to 
01 to indicate a single longword transfer. 


2. BM<3:0> and CSDP<3:0> are asserted as required and WR is negated. 


3. The CPU asserts AS indicating that the physical address, BM <3:0>, CSDP<3:0>, and WR 
are valid and can be latched. 


4. The CPU asserts DBE to enable the external interface to drive the DAL and asserts DS to indicate 
that DAL are available to receive the incoming data. 


5. The CPU checks for a complete cycle once every two clock phases starting at the next possible P1 
edge. The three Responses a are used by external logic to indicate to the CPU that the cycle is 
complete are 
a. If no error occurs, external logic ere the required data on DAL<31:00> and parity 
information on CSD <3:0>, asserts DPE if DAL parity is to be checked, and asserts RDY with 
ERR deasserted. The CPU reads the data and corresponding byte parity information from 
DAL <31:00> and CSDP<3:0>. Ifa parity error occurs, the appropriate error information is 
logged in the memory system error register, the CPU ignores the data on DAL<31:00>, and 
generates a machine check if the cycle was a demand read cycle. 


b. If an error occurs, external logic asserts ERR with RDY deasserted. The CPU i ignores the data 
on DAL< 31:00 > and generates a machine check if the cycle was a demand read cycle. An error 
will be recognized only if RDY is deasserted for two consecutive P1 sample points. If the error 
response (ERR asserted and RDY deasserted) is detected at the first P1 sample point, but RDY is 
asserted at the second P1 sample point, the cycle will terminate according to the retry protocol. 





c. External logic can request a retry of the cycle by asserting RDY and ERR. Retrying a read cycle 
can eliminate deadlocks on the DAL because the CPU guarantees that bus arbitration occurs 
before the cycle is restarted (DMG will be granted if DMR is asserted). Certain request read 
cycles will not reissue a bus cycle if they are retried. Specifically, if the retry occurs on a prefetch 
reference, the operation may not be reissued because the CPU on execute a branch operation 
before the prefetch can be retried. 


seems «RNC NN 
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MICROCYCLE : MICROCYCLE 
7 PY ae P3 2 g PL pas . ~ ae ae we 
CLKA 3 
CLKB 
DAL <31:00> 
oe 
AS 
DBE 
prrrered vito eve MASKS VY 


RDY.ERR 


Figure 41 « CVAX 78034 Single Transfer CPU Read Cycle. 


Multiple transfer CPU read cycle—During multiple transfer CPU read cycles shown in Figure 42, 
the CPU reads two longwords (one quadword) from main memory. A multiple transfer CPU read 
cycle requires a minimum of three microcycles. Each longword transfer may be increased in 
increments of one microcycle. I/O space read references always occur as single transfer read cycles. 
The sequence of events for a multiple transfer CPU read cycle is 


1. The CPU transfers the physical address of the preferred longword that is to be accessed onto 
DAL <29:02>. This address can be aligned with either of the longword addresses within the 
quadword block. DAL < 31:30> are set to 10 to indicate a quadword transfer. The CPU sends an 
address only on the initial longword (preferred) transfer of a multiple transfer read cycle. The 
address associated with the second (cache fill) transfer is implied and therefore is not transferred 
by the CPU. External logic can generate the implied address by inverting address bit 02 of the 
preferred address. All references, therefore, remain within a quadword block. For example, if 
the initial longword address in a quadword transfer is 0007FB36 (hexadecimal), the implied 
address is 0007FB32. 
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2. BM<3:0> and CSDP<3:0> are asserted and WR is not asserted. | 

3. The CPU asserts AS to indicate that the physical address, BM<3:0>, CSDP<3:0> and WR 
are valid and can be latched. | 
4. The CPU asserts DBE to indicate that the external interface can iansieh information onto 
DAL <31:00>. DBE is not asserted between each data transfer. | 

5. The CPU asserts DS for each data transfer to indicate that DAL < 31:00 > are available to receive 
incoming data. 


6. The CPU checks for a complete cycle ae each longword transfer. This check is performed once 
every microcycle at the first P1 edge after DS is asserted for each transfer. The 1 response by the 
external logic is 





a. If no error occurs, external logic places the required data on DAL <31:00> and parity 
information on CSDP<3:0>, asserts DPE if DAL parity is to be checked, asserts CCTL if data 
caching is to be prevented, and asserts RDY with ERR deasserted for each transfer. The CPU 
reads the data from the DAL lines and the corresponding byte parity information from 
CSDP<3:0> and deasserts DS. If data caching was not ot prevented (CCTL deasserted), the CPU 
continues on to read the next longword by reasserting DS. If data caching is prevented, the cycle 
immediately terminates without reading the second longword of data. If a parity error occurs, 
the appropriate error information is logged into the MSER register, the CPU ignores the data on 
DAL < 31:00> and generates a machine check if the cycle was a demand read cycle. If a DAL 
parity error is detected on the first longword transfer, the CPU will perform the second data 
transfer and i ignore the data. : 








b. If an error occurs during either data transfer, external logic asserts ERR with RDY deasserted. 
The CPU ignores the data on DAL<31:00>, terminates the cycle without reading any 
additional data, and generates a machine check if the cycle was a demand read cycle. Only the 
first transfer can be a.demand cycle. An error will be recognized only if RDY is deasserted for 
two consecutive P1 sample points. If the error response (ERR asserted and RDY deasserted) is 
detected at the first P1 sample point but RDY is asserted at the second P1 sample point, the cycle 
will terminate according to the retry protocol. 





c. To request a retry, external logic asserts both RDY and ERR. Retrying a read cycle can 
eliminate DAL deadlocks because the CPU PU guarantees that bus arbitration occurs before the 
cycle is restarted (DMG will be granted if DMR is asserted). If the retry occurs during the second 
longword transfer, the read cycle will not be reissued. 


7. The CPU completes the cycle by deasserting AS, DBE, and DS. 
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MICROCYCLE MICROCYCLE MICROCYCLE 


CLKB 


DAL <31:00> 


DPE 


CCTL 


CS DP<3:0> 


‘AS 


3 












BM<3:0> 


VALID BYTE MASKS 


wa 











Figure 42 » CVAX 78034 Multiple Transfer CPU Read Cycle | 


Normally, a multiple transfer CPU read | cycle reads two longwords of data. However, the cycle 
terminates after the first data transfer if ERR is asserted and RDY is deasserted (memory error), or 
if CCTL is asserted to prevent data caching. The cycle does not terminate early ifa DAL parity error 
is detected on 1 the first transfer, Table 25 lists the possible multiple transfer cycle responses. 








Table 25 = CVAX 78034 Responses to a Multiple Transfer CPU Read Cycle a 


Condition _ DALparity _—_ Action By adept ae acltnads, acted een - 
CCTL RDY ERR error First reference | _ Second reference _ eal, 3 
xX peare | i. Ki ake wait fordata . : wait for data 
Xx ET L° =X ~~ machine check if demand no machine check 
eee es ‘invalidate cache entry) invalidate cache entry 
no second reference _ E. 

H L H H no machine check - | no machine check 

| update cache | update cache 


proceed to second reference _ 
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Condition DAL parity Action 

CCTL RDY ERR error First reference Second reference 

L L  -H H no machine check . no machine check 

invalidate cache entry update cache 
_ no second reference. 

H L H L machine check if demand _ no machine check 
invalidate cache entry invalidate cache entry 
log error in MSER log error in MSER 

_ proceed to second reference | | | 

L 2 H Li _ machine check ifdemand no machine check 

| invalidate cache entry invalidate cache entry 
log error in MSER log error in MSER 
no second reference _ 
xX if L xX no machine check no machine check 


invalidate cache entry 
no retry — 


no cache change 
no second reference-retry 


X is either high or r low level 


CPU Write Cycle— During a CPU write cycle, shown in Figure 43, the CPU writes iceman: to 

main memory or to an I/O device. A CPU write cycle requires a minimum of two microcycles. Each 

transfer can be increased in increments of one ae The sequence of events for a CPU write 

cycle is . fo 7 

1. The CPU chip transfers the + physic longword address onto DAL< 29:02 >. DAL < 31:30> are 
set to 01 to indicate a longword transfer. 


2. BM<3:0> and CSDP<3:0> are asserted as required and WR is ee 


3. The CPU asserts AS to indicate that the ay address, BM <3:0>, CSDP<3:0>, and WR 
-are valid and can be latched. 


4. The CPU asserts DBE to indicate the write data can be transferred onto an external bus. 


5. The CPU transfers the output data onto DAL <31:00> and byte parity information onto 
CSDP <3:0>, asserts DPE to indicate that valid parity information is available, and asserts DS- 
to indicate that the DAL contains valid data. 


6. The CPU checks for a complete cycle once every two clock phases siarane at the next possible 
P1. The response of the external logic is - 7 


a. If no error occurs, external logic reads the data from the DAL < 31: 00 > and asserts RDY sith 
ERR deasserted. 


b. If an error occurs, external ae asserts ERR ak RDY ered Rigas a write rite cycle 
generates a machine check. External logic can report a DAL parity error by asserting ERR and 
deasserting RDY. An error will be recognized only if RDY RDY is deasserted for two consecutive P1 
sample points. If the error response ERR asserted and RDY deasserted) is detected at the first P1 
sample point but RDY is asserted at the second P1 sample pol, the cycle will terminate 
according to the retry protocol. : 


c. To request a retry, external logic asserts both RDY and ERR ERR. DAL arbitration occurs after the 
write operation is terminated. 


S: 


7. The CPU completes the cycle by deasserting 7 S, DBE, an 


1-66 Confidential and Proprietary 








-MICROCYCLE | MICROCYCLE 


an Pi ~) : Pa ; i |. Py g9 ry “. py 4 py ; rn cee : ‘ ‘pg é . 5 gd PI j 


CLKA. 


UL et ie 
CLKB 





DAL <31:00> WRITE.DATA 


‘DPE 


CS DP<3:0> 


Be 


oid 
DBE 


BM<3:0> 


RADY, ERR 





External Processor Register Read Cycle—An external processor register read cycle is initiated 
when a category 3 processor register (refer to: Processor Registers) is read. using a MFPR instruction. 

The external processor register read cycle is the same,as'a single transfer CPU. read cycle:shown in 
Figure 41. This cycle requires a minimum of two microcycles and can be extended-in increments of 
one microcycle. The sequence of events for an external processor register read cycle is 


1. The CPU transfers the processor register aoe onto DAL ee 07: 02 >, ad DAL: < 31: = > are 
set to 01 to indicate longword transfer: ee i 


2. BM<3:0> are all asserted, CSDP<3-0 Sai are asserted as ws astie ed and WR WR is unasser ed. 


3. The CPU asserts AS indicating that the ea ea BM< . fais . cs | P< 33( ae | ahd WR 
are valid andcanbelatched. = ERIE YG ot nO : 


4. The CPU asserts DBE to indicate thatread pre can “a aes gnto the D DAL...: 
D The CPU asserts DS to indicate that DAL are: available to: 


6. The CPU checks for a complete cycle once eee: two 0 clock piles at: ies next legend Pi. oe 
response of external logicis — 












eceive incoming data. 


a. If the processor register is implement tein al logic haisebs) the’ seine data*on 
- DAL<31:00>, deasserts DPE DPE, os asserts RDY apa ERR: Resseried ies ae — sa — , 
from DAL <31:00>. 


b. If the processor registet is not inplataeited, carl — asserts ERR with BV deiasditbd. 
- The CPU ignores the data on DAL < 31:00 > and internally forces the result to zero. A detected 
- parity error will force the result to zero ahd is not reported. Therefore, it is recommended that 
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7. 





DPE remain deasserted during a processor register read. The unimplemented response will be 
recognized only if RDY is deasserted for two consecutive P1 sample points. If this response (ERR 
asserted and RDY deasserted) is detected at the first P1 sample point but RDY is asserted at the 
second P1 sample point, the cycle will terminate according to the retry protocol. 

c. To request a retry, external logic asserts both RDY and ERR. DAL arbitration occurs  attarthe 
initial read cycle is terminated. 


The CPU completes the cycle by deasserting AS, DBE, and DS. 


External Processor Register Write Cycle—An external processor repister write cycle is initiated 
when a category 3 processor register (refer to Processor Registers) is written using.a MTPR 
instruction. An external processor register write cycle is the same as a CPU write cycle shown in 
Figure 43. This cycle requires a minimum of two microcycles and may be extended in increments of 
one microcycle. The sequence of events for an external processor register write cycle is 


1. 


The CPU transfers the processor register number onto DAL<07:02> and DAL< 31:30> are 
set to 01 to indicate a longword transfer. 


. BM<3:0> are all asserted, CSDP <3:0> are asserted as required, and WR is asserted. 


3. The CPU asserts AS to indicate that the ee number, BM < 3:0>, CSDP<3:0> and WR 


ip 


are valid and can be latched. 


. The CPU asserts DBE to indicate that the data to be cn can be transferred onto an external 


bus. 


The CPU peaneters the data onto DAL<31:00> and asserts DS to ee Aue the DAL 


contains valid data. 


. The CPU checks for a complete cycle once every two clock phases, starting at the next possible 


P1. The response of the external logic is 
a. If the processor register is implemented, external logic reads the data from DAL and asserts 


RDY while ERR is deasserted. | 
_b. If the processor register is not implemented, extetial: 


logic either responds as if the register is implemented by asserting ERR when RDY is deasserted. 


Both responses have the same effect and no special action is taken. The unimplemented 


response initiates no special action only if RDY is deasserted for two consecutive P1'sample 
points. If this response is detected at the first P1 sample point, but RDY is Asserted at the 
second P1 sample point, the cycle will terminate according to the retry protocol. 

c. To.request a retry, external oer asserts both RDY and ERR. DAL atbitration, occurs. after the 
initial write cycle is terminated. io Hee ' : 


The CPU completes the cycle by deasserting AS AS, DBE, and DS. 


Interrupt Acknowledge Cycle—An interrupt acknowledge cycle sequence i is similar to a es 
transfer CPU read:cycle shown in Figure 41. The sequence of events is © 


1. 


DAL<06:02> transfers the IPL of the interrupt being acknowledged with IPL 17, IPL 16, IPL 











15 and IPL 14 as IRQ3, IROQ2, IRQ1, and IROO, eee! DAL < 31:30 > are set to 01, and 


DAL<29:07> and DAL<01:00> are set to zeros. | - 
. The data read is used to generate the vector and new IPL for he eeeivaprs sequence. Bits 15: 02 


of the incoming data are used to create the vector offset within the system control block: The 
new processor status longword priority level is determined either by the external.interrupt 


_Tequest level that caused the interrupt or by bit 00 of the value supplied by « external hardware: If 
bit 00 is 0, the new IPL is determined by the interrupt request level being serviced. IRQ3 sets the 
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_ IPL to 17 (hexadecimal) and IRQO to IPL 14 (hexadecimal). If bit 00 of the value supplied by 
_ external hardware is 1, the new IPL is forced to 17 faeceociecisoal) Bits <31:16> and bit 01 of 
the incoming data are ignored. 





3. Assertion of ERR in the proper order with RDY causes es bus cycle to ie reissued or bona’ 
An abort causes the DAL data to be ignored and the CPU continues as if the interrupt request 
never occurred (passive release of the i interrupt request). A detected DAL parity error also causes. 
a passive release and is not reported. Therefore, it is recommended that DPE remain n deasserted 
during : an ‘interrupt acknowledge cycle. | 

DMA Grant Cycle—The CPU can relinquish its conta of the DAL bus and ed coal signals 

upon request from a DMA device or another CPU. Figure 44 shows the sequence of the DMA grant 

cycle. The sequence is | | 

1. The-external device requests control of the bus by asserting DMR. 

2. At the conclusion of the current bus cycle, the CPU responds by causing DAL < 31:00>, AS, DS, 
WR, DBE, BM<3:0>, and CSDP <3:0> to become a high impedance-and asserts DMG. 

3. The external device. may now use the DAL to transfer data. 3 | 


4. To return control of DAL to the CPU, the external device deasserts DMR DMR. The CPU responds by 
deasserting DMG and starting the next bus cycle. 


The CPU ensures that successive DMA requests (DMR asserted) cannot prevent stall CPU activity. As 
an example, one CVAX cycle can occur between two successive assertions of DMR. 





Figure 44 . CVAX 78034 DMA Grant Cycle 


Cache Invalidate Cycles—External logic initiates a conditional cache invalidate cycle, shown in 

Figures 45 and 46, to allow the CPU to detect and invalidate stale data that is stored:in the cache. A. 

conditional invalidate cycle uses a minimum of three es The sequence of events for a 

cache invalidate cycle is 

1. After DMG is asserted by the CPU, etch wits saith aly ede the physical address 
onto DAL<31:00>, asynchronously asserts AS to latch the address into the CPU, and 
asynchronously asserts CCTL to start a conditional invalidate cycle. : 

2. The CPU invalidates the quadword cache entry selected by the DMA address if the location is 
stored in the cache. 
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Preliminary CVAX 78034 





3, External logic deasserts CCTL and optionally reasserts CCTL to conditionally invalidate the 
alternate quadword formed by inverting address bit 03 of the physical address. This allows 
external logic to detect and invalidate stale data stored in any naturally aligned octaword. 

4. The cycle ends when external logic deasserts both AS and CCTL. : 


If acache parity error is detected during the conditional invalidate operation, no machine check is 
generated, no invalidate occurs, and the error is logged in the MSER. 

The CPU detects and invalidates quadword stale data in three microcycles. Therfore: the 
maximum cache invalidate rate cannot exceed 8- byte or three microcycles (nominally 26. 6 Mbytes 
per second), : 





“TWO CYCLE 
“DELAY 


CLKB 


CCTL 








= - “a NEXT DMA 
DAL <31:00> DMA ADDRESS ADDRESS 


Figur 45 *CVAX 73034 Quadword Cache Invalidat Cyele 


Pi P3 PY P3 aa) P3 


Fy PS PA iPS 
“h SWS WY a. a NS NS NS, as 
nee ore 
PS 


“=r aaa A ean maee 
a ne ee ae nee 


ff 
ee 


DAL < 31-00 > 


Figure 46 = CVAX 78034 re Cache re Cyele 


Cojmieaseak Padiccels ae | ok : : | : 

Coprocessor protocols are used by the CVAX CPU ile ebnuneraenting ene the ee CVAX 
78134 FPA (CFPA). These devices communicate with each other through the CPSTA < 1:0> and 
CPDAT.< 5:0 > lines and-DAL < 31:00 >.CPSTA < 1:0> inform the CPU or.CFPA on the method 
of interpretation of the CPDAT <5:0> information. The CPDAT < 5:0 > lines transfer opcode and 
control information to the CFPA and return condition code and exception status to the CPU. 

DAL< 31:00 > are used to transfer operands and results. 
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The protocol for the transfer of information between the two devices is — 
1. The CPU sends the opcode for the instruction to be executed and the operand(s) to the CFPA. 


2. The CPU waits for the CFPA to complete the instruction. DMA devices may be granted use of 
DAL < 31:00> and its associated control signals while the CPU waits... 

3. The CFPA notifies the CPU that the result is ready. Condition volts and error information are 
transferred on CPDAT <5:0> lines by the FPA. | | 

4 The CFPA transfers any on of the nage rie DAL < 31: 00: > > daring consecutive 
microcycles. CA gis ee ; 

5. When the operation is. complet, the CPU« can “— ansotite spc to chk CEPA. 

Opcode Transfer—The CPU transfers opcode information to the CFPA when the CFPA i is ready to 

execute an instruction. The transfer cycle is shown in Figure 47. The CPU transfers s six low-order 


bits of the opcode onto the CPDAT <5 :0'> aie and the ope type ©1 D, G shamed or paar 
onto. the CPSTA < 1: a > ‘Hines. Oo irk 





CLKB 


f i ~\ F/D, GOR INTPCER 
CPSTA<1:0> 
aaa eee eee OPCODE ON CPDAT 





CPDAT<5:0> 







» EXECUTION'OF NEW 
VAX INSTRUCTION... 
BEGI NS | 





Figure 47 « CVAX 78034 Opcode Transfer Cycle ~ 


Operand Transfer—A fter sending the opcode to the CFPA, the CPU transfers the necessary 
operands to the CFPA as shown in Figures 48 and 49. The operand(s) can originate from the general 
registers or the internal cache memory of the CPU or from external’memory. The CFPA monitors 
the AS signal to determine if the source of the operand. When AS is deasserted, the operand is from 
the CPU. When AS is asserted, the operand is from external memory. The protocol used for an 
operand transfer is 


1. The CPU sets the CPSTA<1:0> lines to 00 to indicate that the operation is encoded on 
CPDAT <5:0>. 


2. The CPU transfers information related to the operand Sadie onto CPDAT<5:0>. The line 
information is 
CPDAT Line Description 
<5:4> Address alignment code. These are zeros when the operand originates from 
general registers. They transfer the two low-order address bits of the reference 
when the operand originates from cache or external memory. 


5 O for an operand transfer. 
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CPDAT Line Description ~ 


2 ~~ @ when PSL O06 is cleared ~ 
fg! - 1 when PSL6 is set 
1 Ofornoaction — oo Pe 
1 when DAL <31:00> contains s the eiias 
0 0 for no action 


1 when DAL<05:00> is a short iets AL < 31:06> are zeros. 


3. The aeeae is transferred to the CFPA on DAL< 31:00>. The CFPA aligns all atilivaied tata. 
When the operand originates from external memory (AS asserted), the CFPA reads 
DAL<31:00 > according to the full memory read protocol ( (RDY and/or ERR asserted). When. 
the operand originates from the general registers or internal cache memory of the CPU, the data 
is transferred onto DAL < 31:00 > at P3 of the cycle and sampled by the FPA at the next P1. 


4. If a parity error is detected by the CPU when the source of the operand is either the internal 
cache memory or external memory, it aborts the FPA operation. The CPU aborts the operation 
by not informing the CFPA of the current result. The CFPA is reset when the CPU sends a new 
opcode. 





CPSTA<1:0> 









CPDAT<5:0> - OPERANDON DAL” 











DAL <31:00> OPERAND 





Tees Figure 48=C VAX 7 8034 Single-precision CPU to CFPA Transfer 
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CLKB. 


CPSTA<1:0> hs 












CPDAT<5:0> 0 °° OPERAND ON DAL 





OPERAND ON DAL 








DAL<31:00> FIRST OPERAND SECONDOPERAND =} 








oe ABres eaeliaey ee eens fe 


| Figure 49 « CVAX 78034 Double-precision CPU to CFPA Transfer 4 : ste | ha 


CFPA Result enti Ate receiving the ‘opcode cal pean, ‘the CEPA | ‘executes ‘the 
instruction and ca pacage condition cades, status information, and result of the zpompuration’ to bas 


Ye 


dreckstid Crea to CPU transfer’ The 56 Saal itor the ROE mr is 


1. When the CPU is ready for a result it set the CPSTA < 1:0> lines to zero ‘and he CPDAT3 line to 
1. Ownership of CPSTA < 1:0> and CPDAT <5:0> lines is then transferred to the CFPA. The 
DAL < 31:00 > are set to a high-impedance state at the next P2 edge... 


2. The CFPA gains ownership of the GPSTA < 1:0 > and CPDAT <5:0 > lines by (oastemee Zeros 
on lines CPSTA<1:0> indicating that the result is not ready and undefined-data on 
CPDAT<5:0> during the next P3 edge. The ‘CFPA continues to transfer zeros on 
CPSTA < 1:0> at.each P3 edge. The CPU continuously r monitors the CPSTA < 1:0> lines until a 
11 is present indicating that the result is ready. While waiting for the-CFPA to return-the result 
ready condition, the CPU.can grant use of the DAL and its associated-control-signals (DMG 
assétted) to a DMA device. The CPU asserts DMG on-a-P4 aad and: stops. sampling 
CPSTA < 1:0> until it deasserts DMG. : oe 

3. The CFPA sets the CPSTA< 1:0> to 11 and transfers collie codes acid status information on 
lines CPDAT<5:0> onthe next P3 edge. If a DMA cycle isin progress or is isgranied on the 
following P4 edge, the CFPA repeats the response until DMG is deasserted: 

4. The CPU reads the CPDAT <5:0> information to determine the response of the FPA, and a 
DMA request is not granted until the end of the operation. The CPDAT < 5:0> lines are 
encoded as follows: 








CPDAT Line Description 


2 0 if the result clears the N bit of the PSL 
1 if the result sets the N bit of the PSL 

4 0 if the result clears the Z bit of the PSL 
1 if the result sets the Z bit of the PSL 

3 0 if the result clears the V bit of the PSL 


1 if the result sets the V bit of the PSL (integer overflow/ACB condition met) 
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Preliminnisgils: 





<2:0>. These bits define the status of the nrormation | oe 
wae 000 a as error . prey aborted 
001. reserved opcode...’ catch .. aborted 
010 reserved operand trap aborted 
~ 011 divide by zero aborted _ 
100 ~~ floating-point overflow aborted 
~ 101 floating-point underflow = ~~ aborted _ 
“110... reserved—protocol error Fm aborted 
UD: cteaaetoer lO CPMOE so. caannieen atoeee ox cow memes Continue 


The results are transferred on DAL < 31:00> in consecutive microcycles immediately following 
the return of the condition codes. A single unaligned longword is transferred for a single- 
precision result (F floating) and two unaligned longwords are transferred for a double- -precision 
result (D or G floating). The CPU aligns the data and performs the final transfer if the 
destination of the data is memory. 
If CPDAT <2:0> indicate a protocol error, reserved opcode, reserved operand trap, divide by 
zero, floating-point overflow or underflow, no data is transferred. The CFPA will not return a 
: floating- point underflow error if PSL6 is clear. | . 
: The CFPA sets the CPSTA < 1 0> and CPDAT <5: 0> lines toa fk impedence state on the 
next P2 edge. The CPU gains control of CPSTA < 10>, and CPDAT <5:0> on the following P3 
edge to complete the transfer. 





ey ! 
CLKB 


ata : 
_CPSTA<1:0> 





CPDAT<5:0> . READY sb RESULT |, 


DAL <31;00> yf ] 








CVAX So DAL, CPDAT CFPA IS. CPDAT AND CFPA IS DAL, CPDAT eae 
AND CPSTA ha CPSTA MASTER AND CPSTA MASTER CPSTA MASTER 


Figure 5 0* CVAX 78034 Seale nection CEPA 1 to CPU Transfer ey 
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ia IKE ES: 


CPSTA<1:0> » 44 ee od 
CPDAT<5:0> ; READY FOR RESULT 


DAL@31;00> — § 8 







RESULT READY ee 





DMG a sy ; , ak t a F eos 
CVAX IS DAL, CPDAT, | _ CEPA IS CPOAT oe CFPA IS DAL, CPOAT 4 Soa oe o 
AND CPSTA MASTER AND CPSTA MASTER AND. CPSTA MASTER CPSTA MASTER 


_ Figure 51» CVAX 78034 Double precision CEMA to CRU Hamer... 








Memory Access Protocol . - Saaeeiaee 
The 28-bit address provided by the CVAX CPU on DAL <29: 02>; is a @ Weng “ack . trees that 
uniquely identifies one of up to 268,435,456 32-bit memory locations. The CPU provides four byte. 
masks on lines BM<3:0> to facilitate. byte accesses within 32-bit memory locations. The CPU 
imposes no restrictions on data alignment. Any data item regardless of size may- start at’ any 
memory address except for the aligned operands of ADAWI and the interlocked queue instructions. 








Memory is viewed as four parallel 8-bit banks each of which receives: the longword’ address 
DAL <29:02 >. in parallel. Each bank-reads.or writes one byte of the: satis from: DAL< 3 00> a 
when its byte mask signal is asserted. Figure 52 shows the memory organization. 





DAL<31:24> DAL<23:16 > DAL<15:08> DAL<07:00> 


Figure 52» CVAX 78034 Memory Organization 
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Any CPU read or write operation can bea byte access, word access within a longword, word access 
across longwords, aligned longword access, or unaligned longword access: Quadword accesses are 
performed as two successive longword accesses with no optimization. Byte accesses, word accesses 
~ within a longword, and aligned longword accesses require one bus cycle. Word accesses that cross a 
longword boundary and unaligned longword accesses require two bus cycles. 


I-stream Prefetching | 

The CVAX CPU contains a‘12- a I-stream sie ee aren as lies aligned ers 
The CPU generates an I-stream prefetch cycle when an aligned longword in the buffer is empty. At 
any time the CPU can use up to a maximum of 6 bytes from the prefetch buffer. 


- Specifications 

The mechanical, electrical, and environmental specifications of the CVAX 78034 are contained in 
the following paragraphs. The test conditions for the values specified are listed as follows unless 
indicated otherwise. 


: Temperature (T,): 70°C | 


. | Power supply voltage (Vor): 4. 15 a 





- Ground (Vas) 0 


Mechanical siereakiian 
The physical dimensions of a CVAX 78034 cpu 84. “pin surfacemmount t package are contained i in 
the Appendix. Salk, | 


Absolute Maximum Ratings 

Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute | maximum ratings for extended periods of time may adversely affect the 
reliability of the device. 3 


Storage temperature range (Ts): -55°C to 125°C 
- Active temperature range (T,): 0°C to 125°C 

: Power supply voltage (Vpp): -0.5 V to 7.0 V 

Input Sroutput voltage applied: -1.0 V to 7.0 V , 


Recommended Operating Conditions — 
. Temperature (Ta): 0°C to 70°C © 
= Power supply ia (Vpp): Bete, V to 05. 25 vo So 
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dc Electrical Characteristics 
The de i i and output parameters are listed in 1 Table 26. 





Table 26+ CVAX 7 8034 dc Input and Output StS 


= cr 


PT aeeae oo 
___ voltage (TTL) 


Vom  —High-leveloutput 9098 Vip ee ee 











hes voltage (MOS) _ 











v. Safer oe id Je il lia 
voltage (MOS) 


Mop. Hlighderd ome 28 ai oy TwzaiQ 
re voltage ; 5 j Mo N | 








— =2. 0 mA 


Vou _ Low-level output vo Se a _ ae y | 
: (all pins except DBE) | 7 


DBE pin — (i ee ot ae is 

| O< VI 5.25V 
0<V.<5.25V- 
Tu =9, T,=0°C 


Lo Output leakage current -10 10 


IL .-—Ss Activesupplycurrent — * 





C, Input capeciedtty ee er Pe fe 





Cou Output ca pacitance ae : 





*To be determined. 


Re eT eae Cera Petunia ee rte ee 
The following notes apply to Figures 53 through 67 and their associated tin ing tables. © 








- All times are in nanoseconds (ns) except where. noted. 





= C,,.4= 130 pF (except for CPDAT <5:0> and CPSTA <1:0>) 





: ac highs for MOS inputs are measured at Vivin and lows are iaacored at Ve 





- ac highs for MOS outputs are measured at Voum and lows are measured at Vo.y- 


- ac highs for TTL inputs are measured at Vj; and lows are measured at V,. 


Confidential and Proprietary : 7 1-77. 








ac highs for TTL outputs are measured at Vo, and lows are measured.at Voy. 2° 





MOS inputs are driven to Vo.y or Vouw and TTL inputs are driven to Vo, or Voy. 

—RDY and ERR sampling is performed by the CPU to determine if one of the following bus cycles 
is to be completed: CPU tread cycle, cle, interrupt acknowledge cycle, multiple transfer CPU read 
cycle, and a CPU write cycle. If RDY or ERR is not asserted during the > sampling window; the 
bus cycle is extended in increments of one microcycle until RDY or ERR are asserted. The 
following restrictions apply to the assertion and deassertion of RDY or ERR with Se to the 
sampling window. 


—Only a high to low transition (assertion) is allowed on RDY or ERR during a P4 ae is part of 
the sampling window. If the assertion of RDY or ERR meets setup time tsys, the CPU 
recognizes the assertion of the signal. The result of a low-to-high transition oe of 

~ either of these signals during P4 is unpredictable. 


—If RDY or ERR is to be recognized by the CPU as deasserted, the far3) must be Ener prior 
to the P4 that starts the sampling window and held deasserted through the sampling window. 


—RDY and ERR can be asserted prior to P4 that starts the sampling window and remain asserted 
through the sampling window if they are to be recognized by the CPU as asserted. 


Clock Timing—Figure 53 shows the timing symbols used to define the CLKA ahd CLKB clock 
inputs. The timing parameters are detined i in Table 27. z 


we (CLKE 2 aie . . : ‘ \ P 
‘CYCLE 'CLKE . CLKH tCLKL- 
90% x ME ICLKDLY iu oe 
CLKB 
t | 
tCYCLE he (CLKE 'CLKH tELKL 


Figure 53» CVAX 78034 Clock Input Timing 


Table 27 » CVAX 78034 Clock Timing cess, , 








Symbol _ Definition — | Requirements (ns) 

texmy  CLKA to CLKB delay Gia aga 2 
Cice External clock edge rate 0 - 10 = 
tas External face high Se eae 0 scan : eee) 

tax, External clock low | ane 50 | — a 25: 3: 

tevar ..... External clock cycle oe . 50 is | e 


*To be determined. 
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Initialization and Reset Timing __ 
The initialization and reset timing sequence is fshowa i in n Fagure: 54. The timing parameters are 
listed i in Table 28. 






ey _ PS. 


Mi (RESETS 





—~ '(RESETD 


BMG. CWA 


aia 00>, ' 


WR.OPE, 
cS OP< SOS 











CPSTAKO> 


CPDAT<6:0>. 
CPSTA« 1 > 


"Figure 54» CVAX 78034 Initialization and Reset Timing. 





Table 28 + CVAX 78034 Initialization and Reset Timing 


Symbol — Definition — / rr eee ‘Requirements (ns) 
| i | Min. Max. 


CiniTasD | First assertion of AS after RESET ode ees eee mae a 





ees Strobe inactive delay from RESET 0 Races 20 





treserpy .--—-- Output drive from RESET deassertion... - 2 DX teyere | 7 X teyar+ 20 


teneeys RESET input setup prior to Pl | 20 teycie— LO 
fespeg RESET i input width | , 10 X-tovere — 
tresetz Bus high-impedance time con RESET a 0 25 


Clear Write Buffer and Test Signal Timing Aes é 
The Clear Write Buffer (CWB) and TEST. r signal timing are shown i in 1 Figure 55. The signal 
parameters are listed in Table 29. | 
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meena ta TEREST soponeuies 








Pt PS aprccpyy § Tag fren cree ePae eric: 





CLKA 


CLKB | 
TESTD—o 
MtrestH | tTESTH tTesTH OCS 


~ CWB , Gas (| C EAR WRITE BUFFER ) an « CLEAR WRITE BUFFER A TEST STATE 





'TH 
TEST , r tts 





" 
z 
-——- 


NORMAL INPUTS 4 TEST INPUTS 


= 
> 
5 





Pel ooo A pene es 


~ pe Lets Hei NORMAL INPUTS ( TEST INPUTS » TEST INPUTS 


Figure 55*CVAX 78034 Clear Write Buffer and Test Signal Timing - 


“Table 29» CVAX 78034 Clear Write Bulfer and 7 TEST “Signal I Parameters 





Symbol Definition* | | Requirements (ns) 
Min. Max. 


alae aca _ CWB drive ow f — Rn eee 32 








tm Test input hold = ita — 


try ~~. Test input setup Oe at, Ry 5. 10, — 


External ae Timing 
Figure 56 shows external interrupt timing sequence, and Table 30 lists thet timing parameters. 





P2 P4 


CLKB ; # a ‘ : : an BS : ‘ & a fy re , 
| |_'sYNS a, 3 
'SYNF o> e~ tSYNR 


iRO<3:0> 





tSYNS 
‘SYNF —o 'SYNR 








CRO, PWREL, tocTLw 





Figure 56» CVAX 78034 External Interrupt Input Timing 
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Symbol 





teenw .-~=—-—-« CC TL width during cache invalidates” teynsttoynn = — 





syne 7 | Asynchronous input falltime ee 15 








tsyvk ..-—~—s Asynchronousinputrisetime = BS 








oa RO <3:0> are sevel: sensitive ar must be ewe fora ee {tons} sel time (tsyny) Near 
the end of P2 to assure recognition. eg tt Td . wontictry2 
Low going pulses that occur outside the setup and hold wats y aren not ot recognized. 
MEMERR, CRD, PWREL, INTTIM, and HALT are edge sensitive. The transition from deasserted 
_ to asserted must occur one setup time (tsyns) before the enc lof P2 to assure € recognition; otherwise, 
recognition is delayed one microcycle. + Wares stort 


Fixteenal DMA Timing | 
Figure 57 shows the timing sequence for the. external DA LA. signal. ‘Table. 31 lists. the timing 
parameters. sty a ee ee 








P3 Pp Pa PI EPA = eee eee CE 7 Pagbey cy jou PB 
j ae Peg hh or li 


tgyvns ; 





_ toMGsO —e : {pe (SYNE. : .  OMGSID—e 
. ee e / se in ing ef so ly ee wa ge Pug mp ay Pe | 


‘oso 
(FROM OMA 7 ; 
DEVICE) oe 2° 


fomtsmez oy, Poy poe, a 
ae end cn i : 7 Cbg é ‘| 


BS, BBE. 
‘BPE. or 





tDALZHL “oH 





“BAL <31:00>. 


<g0> e 


ol eo i pn a "a el 


saan 
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RSTO TUTORS BRRRN I AHKA ENNIS 








Symbol | 


is ee acon ra 
Min. Max. 


barrie? ~ DAL high-impedancedelay. 2 O 7, 20 








toarzHe 7 *f DAL active drive delay | | ‘ . ‘ 0. | | | | 20 oe 
tpmesp’ __ DMG strobe assertion delay _ pean Ousted wine 20° 
tpcsw? DMGstrobedeassertiondelay .  ..0 |. 9090 - 


tospry -—_-— ODS delay from receiving DMG Liha te RL an 


fanz __ Strobe highimpedancedelay 0, 20 


tsynr Asynchronous input fall time Heo elk Of! to | 


tsynn | ‘ Asynchronous input hold 7 a on a se a | : j = mn a 





tum Asynchronousinputrisetime = —tSsS~CS~«SdS 


tase’ Asynchronous input setup 3 15 
aay Strobe active drive delay ) oie £ FOIE beeeroae 


1DMG is asserted at P4 when DMR is asserted eight phases earlier and no CPU YO cydle has = started 
2DMG is deasserted at P3 when DMR is deasserted seven phases earlier. 


>tevns and tsynyz are the setup and hold times needed at a synchronizer to ensure that a signal is 
recognized by the CPU as expected. , Ba | 


Cache invalidate Timing es 
Figure 58 shows the timing sequence for a quadword cache invalidate cycle and Figure 59 ica the 
timing peavenees fora ciciahaace cache invalidate cycle. ae 32 2 lists the timing parameters. 





TWO CYCLE 


CLKB 


CCTL 





DAL<31:00> 





} X NEXT DMA 
DMA ADDRESS ADDRESS 


Figure 58 « CVAX 78034 Quadword Cache Invalidate Cycle Timing 
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CLKB 


ccTt 


DAL<31:00> 





| Figure 39-= CVAX 7 8034 Octaword Cache Invalidate Cycle Timing 


f k..... 








Tibia 32* “ CVAX 78034 Cache: Ir validate T Ti 8 Parmeter 





Symbol ~ ‘Defini ition* | pe ~~Requirements (ns) 








TasapRs _ < DAL setup je Ing g cache invalidates goer ots ‘com | 





taspLy _KS delay from asserting C CCTL mach iowalidates —_ 1 








tysx? ~~ AS hold-during- cache invalidates~ 








ae esa os Perey KS < wi idth during « ‘octawoi 7 inv valic — Sci aitinies r en = ve ‘~ acini mer aga Unt se pan 





tiswo ___AS width during quadword invalidates e LANES rks 


bee “AS set up during cache invalidates _ ee ee 





Cascve CCIE ian time during octaword invalidates 6 on 





ring cache invalidates” ee 





tccriw 
leven Asynchronous input hold | . + _ 
tering? Asynchronous input setup | 15 — 


'2 X teycre — taxxn (max.)+ tsyns — tecrcaprs: 
*tasy is measured from the third P4 that follows recognition of CCTL. On octaword invalidate 
cycles, it is measured from the third P4 that follows the second CCTL. 
*teerucye — 2 X taspty + taswot taspry (Max.). 
*4 X teycre + tecriaprs + tas + taspty (Mmax.) — taspry- 
*tccrtaprs is measured from the P4 that follows the recognition of CCTL. On octaword invalidate 
cycles, it is measured from the first recognition of CCTL. 
*6 X teycrz + tsyns + tsynn- 
"tsyns aNd tsyny are the setup and hold times needed at a synchronizer to ensure a signal is recognized 
by the CPU as expected. 


Read and Write Timing 

Figure 60 shows the timing sequence for a single-transfer read and i interrupt cycle, Figure 61 shows 
the timing sequence for a multiple-transfer read bus cycle, and Figure 62 shows the timing 
sequence for CPU write bus cycle. Table 33 lists the read and write cycle timing parameters. 
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PAL <31:00> 
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CCTL 


“CS DP<3:0> 
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— tSWLMAX 


_ Figure 60* CVAX 78034 Single-transfer Read and Interrupt Bus Cycle Timing 











CLKA 


CLKB 


DAL<31:00> 


DPE 


CS DP<3:0> 


al 


DBE 


BM<3:0> 


RDY, ERR 


\X 78034 





Pi 


P2 


tsip-» 





VALID BYTE MASKS 


‘SD ; r '8MH a 


ISWLMAX 


Figure 61 » CVAX 78034 Multiple-transfer Read Bus Cycle Timing 
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enc CVAX 78034 
: eae : 
Sanam = 
a eee 
Figure 62 * CVAX 78034 CPU Write Bus Cycle Timing 

Table 33 » CVAX 78034 Read and Write Bus Cycle Timing Parameters 

Symbol Definition Requirements (ns) 
Min. Max. 

ts AS strobe assertion delay 0 15 
fin AS strobe deassertion delay 0 20 
ae BM and WR hold 0 — 
one DAL drive 0 20 
ar DAL hold 5.0 — 
tiga DAL high-impedance delay 0 20 
ton ~—~—~—sdDALhaold 5.0 = 
tops Parity setup 20 — 
Ene DAL setup os. a 
— DS strobe assertion delay 0 20 
a DS strobe deassertion delay 0 18 
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tparityD 
tparITYH 
tsp 

tsp 
tswos 
tswr 
tswimax 


tsws 


- RDY and ERR sample-window setup °° 1 





CVA} 





Definition _ Requirements (ns) 


DAL high impedance | tee 
DP drive ee Oa 2 
a — : Sica i ; 4 | — 
General-strobe assertiondelay = O20 
Suvte despre = = * ee “ee 20 
RDY and ERR ERR sainele siadow ipl: | 7 e on 5.0. a Ss 


RDY and ERR maximum assertion time ee 40 


Coprocessor Timing 

These following specifications are in effect when the CVAX 78034 CPU is operating with the CVAX 
78134 floating-point accelerator (CFPA) coprocessor. Figure 63 shows the timing sequence for the 
operand transfer cycle. Figure 64 shows the CPU to CFPA-timing sequence for single-precision 
transfers, and Figure 65 shows the CPU to CFPA timing sequence for double-precision. transfers. 
Figures 66 and 67 show the CFPA to CVAX CPU single- and double: peeptsion transfers, respectively. 
Table 34 lists the coprocessor timing Seats 


-CLKB 
f F/O, GORINTEGER ) 
CPSTA<1:0> Ns OPCODE ON CPDAT , 


CPDAT<5:0> ( OPCODE ) 
EXECUTION OF NEW 
VAX INSTRUCTION 
BEGINS 


Figure 63 = CVAX 78034 Operand Transfer Cycle Timing 
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ence 








nee - : pecieeeeteceeivs ee 
CLKA 
P2 Pa ~ P2 
CLKB 
'cPD ‘CPDH 
CPDAT<5:0> = 4 OPERAND ON DAL b 


DAL<31:00> ( ~  OPERAND © iD 


Figure 64 » CVAX 78034 Single-precision CPU to CFPA Transfer Timing | 











PL P32. 
CLKA 
P2 P2 
CLKB 
IcPD — tCPDOH 
ome = oo 
CPDAT<5:0> _:: OPERAND ON DAL J (|  » OPERAND ON DAL } 


© 


tDALD —#) tDALH—o > tDALD tDALH 


DAL<31:00> yi FIRST OPERAND Ko & SECOND OPERAND —X 





Figure 65 . CVAX 7 8034 Double-precision CPU to CFPA Transfer Timing 
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P3 Pt : . P300 PT ; P3 
CLKA 


Pa, 


CLKB 






e—-(CPS——y 


CPSTA<1:0> 


CPDAT<5:0> 





tps— a0 Da 'DALD 


+ 
DAL<31:00> a { ( ¥ RESULT Ke) ne f 
1 ' 


DMG / 
CVAX IS DAL, CPDAT CFPA IS CPDAT AND CFPA IS DAL, CPDAT ae ay 
AND CPSTA MASTER CPSTA MASTER AND CPSTA MASTER potiesl bp eee 


Figure 66 = CVAX 78034 Single-precision CFPA to CPU Transfer Timing 





P3 Pi P3 PY P3 Pt PB 


CLK 


CPs 





: | CONDITION 
CPSTA<1:0> | paDce AGADY RESULT [nesuirataoy | fs resuerneany | READY 
CPDAT<§:0> ‘ READY FOR [ neaprronnesuir NO ERROR Fo oruast | 
DALO—a 


| y 
OMG / 
CVAX IS DAL. CPDAT. GFP A 1S CPDAT CFPA IS DAL, CPDAT ape - oa 
AND CPSTA MASTER ‘AND CPSTA MASTER AND CPSTA MASTER eet manaten 


Figure 67 » CVAX 78034 Double-precision CFPA to CPU Transfer Timing 





Table 34 « CVAX 78034 Coprocessor Timing Parameters 


Symbol Definition Requirements (ns) 
Min. Max. 
tot Coprocessor line drive 0 20 
ft Coprocessor line hold 0 — 
tan Coprocessor line hold 23 — 
tse Coprocessor high-impedance delay 0 20 
tax Coprocessor line setup 23 — 
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Symbol Definition ~~ ae ~~ =. Requirements (ns) 





tof . ‘ DAL setup! 7 | ae sel 5 oe a 
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- Features. . 





- High-performance, floating-point processor for use with the CVAX 78034 CPU 


: VAX floating-point instruction set 0 boson) 





« Processes VAX integer data types 
—byte 
—word 
—longword 





« Processes anda VAX floating-point data types 
—single-precision (F_floating) ~ 
—double-precision (D_floating) 

—extended range double precision (G_floating) 


« Enhanced CPU interface 








- Single 5-volt power supply 





Description 


The CVAX 78134 Floating- -point : Wiccan! (CFPA) is a high- Pe es coprocessor for use with 
the CVAX 78034 Central Processing. Unit. (CVAX.CPU). The primary purpose-of the FPA is to 
accelerate the execution of floating-point instructions by eliminating the need to emulate them in 
software. The CFPA handles single-precision, double-precision, and extended-range, double- 
precision, floating-point data types. The CFPA supports floating-point add, subtract, multiply, 
divide, convert, and other floating-point operations. It also accelerates the execution of integer 
multiply and divide operations for longipords paly Had lisa block diagram of the CFPA. 


CPSTAT<1:0> 
CPDAT<5:0> 
AS 

RDY 

ERR 

DMG ——>} 

TST <2:1> 















MULTIPLIER 


| MULTIPLIER | 
| REGISTERS 


| DECODE 












BIU 
CONTROL 


| EXPONENT 
DATA PATH 















| EXPONENT 
} CONTROL” 






FRACTION —— an ee ree eee eh se 
“ CONTROLS 








“P STATUS LOGIC > ae 
es FRACTION ALU 


| fiero OL KA, 





| EXECUTION UNIT 
» SEQUENCER: ; 
160 x 44 


CLKB 
—~ RESET 


: Figure 1 . CVAX 78134 Floating-point Accelerator Block Diagram 
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“This section la a eee of the input and putput signals and power and ground 
connections used by the CFPA. The signal pin ascenments are identified in Figure 2 and 
summarized in Table L. 3 


DALO6 DALO8 DALTO DAL12 ‘VDD VSS = DAL14 DAL16 DAL18 
DALO? DALOS | DAL 11 VSS | VDD | DAL13} DAL15 | DAL17] - 


60 59 58 57 56 55 54 53 52 51 50 49 48 47 46 45 44 





DALOS — 61 DAL19 
DALO4 62 DAL20 
DALO3 63 Aa | DAL21 
DALO2 — 64 | DAL22 
DALO1 —J 65 | 39 /-vss 
DALOO — 66 | | VDD 
vop J 67 : 37 Le vop 
oe ee }  CVAX 78134 es 
FLOATING POINT ACCELERATOR : 
VSS 1 (CAVITY DOWN) 5 f— DAL23 
VSS 2 DAL24 
CPSTAO 3 DAL25 . 
CPSTAI 4 DAL26 
~ CPDATO 5 DAL27 
CPDAT1 6 DAL28 
CPDAT2 7 DAL29 
CPDAT3 —1 8° DAL30 
CPDAT4 9 : | 7 DAL31 
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
vss | voo | RESET} cike | ERR | DMG | TS72 | Nc 
CPDATS VSS VDD CLKA AS  RDY STI NC AC 
Figure 2= CVAX 78134 Pin Assignments 
Table 1 » CVAX 78134 Pin and Signal Summary 
Pin Signal : Input/Output Definition/Function 
27-35,40-43, DAL<31:00> Input/Output Data/Address lines—Time- mule siened data and 
44-49 54-66 address lines used to transfer data between the 
CFPA and the CVAX CPU and memory. 
18 AS Input Address strobe—Monitored by the CFPA to 
a determine if data is coming from CPU internal 
cache or registers or from memory. 
20 “RD Input Ready—Asserted by external logic to indicate 


that valid data is on the DAL. The .CFPA uses this 
signal to detect valid memory data. 
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Pin | Signal Input/Output Definition/Function 





19 ERR Input f -Error—Asserted by external. lage to indicate 
abnormal termination of the current bus cycle. 
‘The CFPA uses this signal t to detect faulty 1 mem- 


ory cycles. 








15 RESET Input Reset—Asserted to force the C CFRA to its s initial 
powerup state. Se ne ahaa 





21 = DMG ; Input — | - “DMA gtant—This signal is onion Pee the 
oo ee ae = aac CFPA to determine ifa DMA cycle i is progress... 





10-5 “ DPDAT<5:0>_ Inpur/Ourput Goprovessor: dite. Hinasne Used to seastes 
| op . 7 ! opcode, control information;, condition codes, 
and exception status. between the GFPA and the 


vk Weekent eects ean jh AK DU. s50 90-9) Cond uaa weesacrae 
43 Ve GPSTAC1O > inpaOurpat Coprocessor ‘status’ ses Reet! to eer ee 


-.CFPA or CVAX CPU of the ae of inforination 
present on CPDAT<5:0>. 


16,17 7 CLKA,CLKB _ : Input : Clocks—Supply | basic clock 





timing to the CFPA. 


~ CLKA and CLKB ate nominal 20-MHz, MOS 
level, square-wave signals that are phase shifted 
from each other by 180 degrees. 





13,14,37,38, Vo. ~—~—~.~—s«sInput.—- Voltage—5 volt power supply. 
51,52,67,68 Anaad Th). ner 
L212 Vz Input ~- Ground—Ground reference. _ 
23,22 | | TST e215 ; Input Test 2 and Test 1—Reserved for CFPA manufac- 


turing test. 


CVAX Bus and Control 

‘Data And Address Lines (DAL < 31:00 > )—These are bidirectional time-multiplexed lines used by 
the CFPA to exchange: data with the CVAX CPU. The CFPA receives a from the CPU or 
memory over DAL < 31:00 > and returns the results over these lines... 


Address Strobe (AS)—This signal is used by the CFPA to eeeine if an ea is from ‘fie 
internal registers or cache memory of the CVAX CPU or from external 1 memory. When the operand 
is from the internal registers or cache memory, the CPU does not assert A AS during the operand 
transfer, When the operand is from external memory, the CPU asserts s AS and the CFPA reads the 
operand following the normal protocol for a CPU read bus cycle. |: 


Ready (RDY)—This signal is asserted by external logic to’ silica that valid data is on 
DAL < 31:00 >. The CFPA monitors this signal when an operand comes from external memory to 
determine if valid data is on DAL<31:00>. 


Error (ERR)—This signal is asserted by external logic to indicate abnormal termination of the 
current bus cycle. The CFPA monitors this signal to detect bad memory references when an operand 
comes from external memory. 
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erteiat NOt, 
RDY and ERR must be Secret sor ici with respect to the timing sampling point of the 
CFPA and must not change during the sample window. 


DMA Grant (DMG)—This signal is asserted by the CPU to grant control of the DAL and its 
associated control signals to external logic. The CFPA monitors this signal to determine if a DMA 
cycle is in progress. 


Coprocessor Signals 

Coprocessor Data Lines (CPDAT < < 5: 0>)—The CFPA uses these lines to receive opcode and 
control information from the CPU and to return condition codes and exception status to the CPU. 
The CVAX CPU drives these lines when it is not waiting for data to be returned from the CFPA. The 
‘CFPA drives these lines after the CVAX CPU indicates it is ready for the result and until the CFPA 
indicates status ready and DMG is not asserted. The CPDAT <5:0> lines are sampled synchro- 
nously by the destination at the beginning of P1. 

Coprocessor Status lines (CPSTA < 1:0 >)—These bidirectional lines are used by the FPA and CPU 
to determine the interpretation of the contents of CPDAT<5:0>. CPSTA<1:0> are sampled 
synchronously at the beginning of P1 and indicate the contents of CPDAT<5:0> to the 
destination processor. 


Table 2 lists the function of the coprocessor status information from the CPU to the CFPA. Table 3 
lists the function of the coprocessor status information from the CFPA to the CPU. 


Table 2 » CVAX 78134 CPU to CFPA Status Line Information 


CPSTA Function CPDAT Description 

<10> — | — <5:0> —— 

00 Operation encoded on <5:4> Address alignment code 

CPDAT S50 St 33 3 CPU ready for result 
| | | 7 2 Floating underflow (PSL6) 
1 Next floating-point operand is on 
DAL < 31:00 > 

0 Next floating-point operand is a 


_ short literal on DAL<05:00>; 
DAL < 31:06> are zeros. 


01 Integer opcode — —  <5:0> Integer opcode _ 
» on CPDAT<5:0> | 3 


10 . ne F_/D_ floating- -point | : <0: - Floating-point opcode 
; ; opcode on CPDAT <5: 0> | a | 


11 G_ floating-point Pras lO Floating-point aa 
_ opcode on CPDAT <5:0> 


*Opatand on bus (CPDAT1 = 1) and short literal (CPDATO = 1) are mutually exclusive. 
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Table 3 = CVAX 78134 CFPA to CPU Status Line Information 


CPSTA Function | CPDAT Description 
<1:0> : : <5:0> 
00 Result not ready reserved 
01 illegal. 
10 illegal ; dade chat tea 
11 Condition codes ae 5. N condition code 
4 Z condition code 
oe ey ~ V condition code or ACBf branch 
—<2:0> __ Status code as follows: 
_— ~~" 000 protocol error 
_ 001 illegal opcode 
010 reserved operand trap 
. Q11 divide by zero 


- 100 floating-point overflow 
101 floating-point underflow 
110 reserved (error) 

111 no fatal error 


Power He Clocks is 
Care must be taken to connect the power abet sos pins with the sit wires or power plane 
possible. 


Voltage (V,,)—)-volt power supply. 
Ground (V,,)—Ground reference. — 
Clock A In and Clock B In (CLKA,CLKB)—These i inputs ‘ide the basic clock timing to the 


CFPA. CLKA and CLKB are nominally 20-MHz, MOS-level, square-wave signals that are phase 
shifted from each other by 180 degrees. 


Miscellaneous 

Reset (RESET)—This sige is acces ibe eid Logic t to force the CFPA to its initial powerup 
state. Deassertion of RESET is ET is internally synchronized so that the first rising edge of CLKA that 
follows the deassertion of RESET corresponds to P1. | 


Test 2 and Test 1 (TST < 2:1 >)—These signals are reserved foe CFPA eneeeNrncns use. 


Architecture Summary 


The following is:a brief deschplicn sf ie CPA A ‘acehieeece The CFPA ae no ena coals 
registers or mode bits. The general registers and condition codes are contained in the CPU. Round 
or truncate operational modes and F_floating or D —floating data types are determined by 
commands sent from the CPU to the CFPA. 


Data Types 

The architecture of the CVAX 78134 FPA Spoons seven data types—byte, word, longword, 
quadword, F_floating, D sania and G_floating. Pigons 3 and 4 show the organization of 
these data types. | : 
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WORD ~ 


A BYTE 





LONGWORD | : 
31 3 00 





QUADWORD 
31 | 00 





At4 


“a Figure 3* CVAX 78134 Integer Data Types 


D_FLOATING om 
15 14 | 07 O68 00 


FRACTION | A429 
FRACTION a 7 | gee 


FRACTION . | At 





63°: poe , a a ‘ : | : 48 


F_FLOATING 
15 14 07 06 00 


EXPONENT | ech ver FRACTION - eee ee 


FRACTION ine ae TD A+2 





G_FLOATING | 
15 14 04 03 iz 2. ER gg ss 


“EXPONENT ss . : ‘FRACTION | :A 
_ FRACTION | - gids oe -A+2 


FRACTION | | | sat 





FRACTION | | DAH 


Figure 4» CVAX 78134 Floating-point Data Types 
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Instruction Set : 
The CFPA instruction set consists of 70 floating-point instructions and five integé®, instructions 
that provide the following operations. 


Addition and Subtraction—For single-precision and double-precision Gis abate numbers. 


Multiplication and Division—For single-precision and double- Pa nee font numbers 
and for integers (longwords only). 


Conversion—The CFPA performs floating-to-integer and ee. -floating conversions and 
double-precision to or from single-precision floating-point conversions. 


Comparison— The CFPA has a compare (CMP) and test TSE instruction associated with each of 
the three floating-point data types. 


Add Compare and Branch—The CFPA assists. ak CPU i in Seite tins an Add Ganede aii et 
(ACB) instruction by performing the add and compare portions of the instruction. There is an ACB 
instruction associated with each of the three floating-point data types. 

Polynomial Evaluation—The CFPA assists the CPU in executing the polynomial evaluation (POLY). 
instruction. The CFPA performs the floating-point addition and multiplication operations associ- 
ated with the polynomial evaluation. There is a POLY instruction for each floating- “point data type. 
Extended Multiply and Integerize—The CFPA has an extended multiply and 1 integerize (EMOD) 
instruction associated with each floating- ‘point data Supe fi for accurate mpange Pnstions of math 
function arguments. est 
Instruction Set Notation 

The standard notation for operand specifiers i is 





<name>. <access type >.< da type>- 


1. Name isa “suggestive name for the operand in the context of the instruction. Iti is the capitalized 
name of a register or block for implied operands. 


2. Access type is a letter denoting the operand specifier access types 
- a=address operand | 
- b=branch displacement — ecsobirre 
m= modified operand (both read and written 
r=read-only operand . | 2 asc ae 
Ww =write-only operand 


3. Data type is a letter econne e data Pe ua the operand. 
b=byte | | 

me -D_floating — “es § i secs “Ta 
f=F ee | ahiye 
[élongword 
q=quadword 
w= word 

Bs abbreviations for condition codes are 

*=conditionally set/cleared 
= not.affected 

eee 

1 =set, 
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The abbreviations for exceptions are 
rsv = reserved operand fault’ — 

iov = integer overflow trap 
idvz=integer divide by zero trap — 
fov = floating overflow fault 

fuv = floating underflow fault _ 
fdvz = floating divide by zero fault 


Integer Instructions 

The CFPA accelerates the integer instructions listed in Table 4. The table lists the VAX opcode 
(hexadecimal) for the instruction, code transferred by the CPSTA<1:0> and CPDAT <5: 0> 
lines, sec condition codes affected, and sie ay that can es ponte OF Pon 


Table 4 = CVAX -_ ee Inétfuctians 


Opcode CPSTA/CPDAT Instruction a Z pam oe Exceptions 
: codes | | : 





DIVL2 lige aco 7 


C6 01000110 ee 0 iovidvz 
C7 01000111 ©) DIVL3 divrrl divd.tl,quo.wl ee di 0. iov,idvz 
7A 01111010 EMUL mulr.rl,muld.rl,add.rl,prod.wq “ * 0 0 a 
C4 01 000100 MULL2 mulrrl,prod.ml Panag : 0. iov 

0 ov 


C5 01000101 MULL3 mulrrl,muld.-rl,prod.wl 
Floating-point Instructions 

The CFPA implements all the floating-point instructions for F_floating, D_floating, and G_float- 
ing data types except for CLRF which is equivalent to CLRL, and CLRD/G which is equivalent to 
CLRQ. Table 5 lists the floating-point instructions implemented by the CFPA giving the VAX 
opcode (hexadecimal), code transferred over the CPSTA<1:0> and CPDAT< 5: O> lines, 
instruction, condition codes affected, and exceptions that can be reported. ) | 


Table 5 « CVAX 78134 Floating- -point Tnsteuctions 
Opcode CPSTA/CPDAT Instruction N ZV Cc Exceptions 


codes 

6F 10 101111 ACBD limit.rd,add.rd,index.md,displ. bw 0 — rsvy,fov,fuv 
4F 10001111 ACBF limit.rf,add.rf,index.mf,displ.bw * * 0 = rsv,fov,fuv 
4FFD 11001111 ACBG limit.rg,add.rg,index.mg,displ.bw * * 0 = rsv,fov,fuv 
60 10 100000 ADDD2 add.rd,sum.md * * 0. O rsv,fov,fuv. 
40 10 000000 ADDF2 add.rf,sum.mf *~* 0° 0 tsvyfov,fuv 
40FD 11000000 ADDG2 add.rg,sum.mg * * 0 0 rsv,fov,fuv 
61 10100001 § ADDD3 add1.rd,add2.rd,sum.wd * * Q 0’ rsv,fov,fuv 
41 10 000001 ADDF3 add 1.rf,add2.rf,sum.wf * * © 0 rsv,fov,fuv 
41FD ~=11 000001 ADDG3 add1.rg,add2.rg,sum.wg 0 0 rsv,fov,fuv’ 
71 10 110001 CMPD strcl.rd,sre2.rd 0 O rsv 

51 10 010001 CMPF srcl.rf,src2.rf 0 O rsv 
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5 1FD > 


54FD 


72 


52FD 


70 
50 


aes a 


44 


4CFD — 


codes 


11010001 
- 10101100 


10 001100 


11001100 
-10 101000 


10 110110 


‘10 101010 
> -10.101001 


10 001000 


10 010110 


11011001 


~./10 001010 
* 10001001 
» 11001000 


11110011 


-11001010° 


11 001001 
10 101110 
10 001110 


11001110. 
~ 10101101 ~ 

10001101, 
11001101 
10101011 
10001011 


11 001011 


10100110. 
10000110. 
11000110. 


10 100111 


_ 10000111. 
11000111 — 
10 110100 i 


~ 10010100 


10 110010 
10 010010 


“11010010 
10110000 — 


10 010000 


11 010000 
10100100. 
10 000100... 





»»CPSTA/CPDAT | Instruction 


CMPG srcl.rg,src2.rg | 


CVTBD strc.rb,dst.wd | 


~ CVTBG srorbjdst.wgico.yisicm 
CVTDB strc.rd,dst. ap >: srigeb tgs CV 


CVTDE src.rd,dst.wf*: 
CVTDL src.rd,dst.wl. » 


CVTDW sre.rd,dst.ww ty srr due SCR Te 
* CVTEB sre.rf,dst-wbh 5 Hifi due § 
CVTFD sre.rf,dst.wd gio. gs 


CVTFG sre.rf,dst.wg?, 1 


CVTEL sre.rf,dstiwltio.is. cist iticue C4 
CVTFW src.rf,dst.ww.gt ete. due CO8U 


CVTGB src.rg,dst.wb 


~ CVTGEF src.rg,dst.wf 
~ CVTGL sre.rg,dst.wl 
~ CVTGW src.rg,dst.ww 


CVTLD src.rl,dst.wd 
CVTLE src.rl,dst.wf 
CVTLG src.rl,dst.wg 
CVTWD. src. rw, dst. wd 
CVIWF s src. rw, dst. we 
CVT WG ste. dst wg 


-CVTRDL ste.td;dst-wl' Te 
CVTRFL- src. rf. dst. wk ng ieerper jon saab 


CVTRGL src.rg,dst.wl 





2 divrirg,quo.mg’ / r 
DIVD3 divr.rd,divd. abet ee 


__ DIVF3 divrrf,divd.rf,quo.wE 
: DIVG3 divr. rg,divd, Tg,quo, we | 
. EMODD muls.rd,mulrx.rb. “awd rd, 
—. int.wl, fractwd 
EMODF mult.rf. smulrx, H smuld. a a! 
| — int.wl,fract.wf | as 
1010100 


MOVE strc.rf,dst.wf 
MOVG sre.rg,dst:wg 


| MULD2 mulnrd,prod.md 


Confidential and: Proprietary 


" gre , 


EMODG mulr, egal rw Se ira eae 
~~ muld.rg,int.wl, fract.\ We 
_ MNEGD strc. rd,dst. wd | 
- MNEGEF srerf,dst.wf <1) 00 
~ MNEGG src.tg,dstiwg 
‘MOVD sre.rd,dst.wd 


: aida divr.rf,quo.mé 


i ee ie 


4, Baan 


« “om COC OOO ° + ¥ O- QOQ,,O Oke tOe et FOO e+ # HO FOC CO] 


os 


Seo0e00o GO * 


ee oo = | ° coco oCoO CoO ie © = eeeSGSGo0coc0occs 


rc) : 





‘C Excéptions: 


Yrsv_ 


rsv,iov 
rsv,fov 
rsv,iov 
TSV,i0V 
'rsv,iov 
ty Of 
'rsv,iov 
TSV,10V. 
- £SV,i0V 
rsv,fovfuyv 
‘tsv,jiov 
rsv,iov 


iRaagyib ogee! 
rsv,iov | 
rsv,iov | . 
: ssusfontves final oj 
_rsv,fov,fuv,fdvz 
orsv,fov,fuv,fdvz 
rsv,fov,fuv,fdvz . 
_tsv,fov,fuy,fdyzy i 


rsv,! foy, fuyddvg ” 
_puloufuvio 


0 rsv,fov,fuv,iov 


rsv 


0 
Orsv 
epg s 


~ Psy | 


0 rsvfov,fuv: - 
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Opcode. CPSTA/CPDAT | Instruction -N ZV. C:Exceptions 
codes robes: 

44FD 11000100 =MULG2 mulrrg,prod.mg : * * 0° 0 rsv,fov,fuv 
65 10100101 =MULD3 mulrrd,muld.rd,prod.wd * * 050 rsv,fov,fuv 
45 10 000101 MULF3 mulrrf,muld.rf;prod.wf *  * 0 60: rsv, fov,fuv 
45FD 11000101 MULG3 mulr.rg,muld.rg,prod.wg — * * 0 +0 rsv,fov,fuv 
75 10 110101 POLYD arg.rd,degree.rw,table.ab * * 0 O'rsv,fov,fuv : 
55 10010101 POLYF arg.rf,degree.rw,table.ab * * 0 O rsv,fov,fuv 
55FD 11010101 POLYG arg.rf,degree.rw,table.ab " 0 0 rsv,fov,fuv 
62 10 100010 SUBD2 sub.rd,dif.md “ 0.0 rsv,fov,fuv 
42 10 000010 SUBF2 sub.rf,dif.mf * * 0.0 rsv,fov,fuv 
42FD 11000010 = SUBG2 sub.rg,dif.mg bay * * 0 0 rsv,fov,fuv 
63 10100011 SUBD3sub.rd,min.rd,dif.wd | * * 0 0 rsv,fov,fuv 
43 10 000011 SUBF3 sub.rf,min.rf ,dif.wf * *.° 0) 0 ‘rsv,fov,fuv 
43FD  11.000011 SUBG3 sub.rg,min. tg,dif. we * * 0 0 rsv,fov,fuv 
73 10 110011 TSTD sre.rd 0 Orv 
53 10010011 TSTF src.rf 0° 0 rsv 

53FD 11010011 TSTG src.rg be Stes 7 0 O rsv 


Instruction Processing 

During normal operations, the opcode and all operands associated with the instruction to be 
executed are transferred to the CFPA. The CFPA executes the instruction and returns the status 
including all errors and the results. The exceptions to this general case are described as follows. 


Integer divide (DIVL2, DIVL3)—During integer divide i instruction, the CPU detect and reports a 
divide by zero condition. It ane not request a result and the CFPA will abort the integer owes 
operation. 7 ! : 


Floating compare : (CMPD, CMPF, Gapejssean a ihane compate instruction, ‘the only result 
transferred is the status of the PSL condition codes. To maintain the normal return result protocol, 
the CFPA will return a longword result. The CVAX CPU. should ses this here as its contents 
are unpredictable. 


Floating Add ‘Compare and Branch (ACBF, ACBD, ABO) Diktte a floating add compare and 
branch instruction, the CFPA reports, in addition to the normal result, whether the branch should 
be taken. This is encoded in bit 3 of the returned status. Bit 3 is normally used to report integer 
‘overflow, which cannot occur on a floating add, compare, and branch, After testing this bit, the 
CPU must ensure that the V bit in its PSLis cleared. = 


Extended Modulus (EMODF, EMODD, EMODG)—The extended modulus instructions compute 
two results. The CFPA returns the integer result followed by the floating result. Therefore, EMODF 
returns two longwords and EMODD and EMODG return three longwords. | 

Polynomial Evaluation (POLYF, POLYD, POLYG)—The CF PA supports the polynomial evaluation 
instructions by implementing a POLY step function. Given the argument and the current partial 
result, the CFPA reads the new coefficient, computes the Partial result, and returns status and the 
new partial result to the CPU. : 
The protocol for the startup and poly step loop phase ent fhec CVAX CPU. ad the CFPA ca 
POLYF, POLYD, and POLYG instructions is described. After the setup phase, the CPU and CFPA 
enter the POLY STEP loop. The CPU records the loop count using the degree operand. , 
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Startup Phase PEE 
1. The CPU sends the opcode for POLYF, POLYD, or POLYG 1 to the CFPA: 
2. The CPU sends the argument operand to the CFPA. 


3. The CPU sends the degree operand to the CFPA which cea a a reserved sped dea 
GTR 31). If found, the CFPA returns ee rey status yen the CPU. indicates it is rans 
for the results. | ak eat 

4, The CPU does not send the ‘able address soe to rhe CFPA. 

5. The CPU indicates when it is ready for a result. The CFPA responds by transferring status and a 
result equal to the argument operand. If the argument was a short literal, the CFPA returns the 
argument in expanded form: one longwo d for POLYE, two longwords for POLYD-or POLYG. 

6. The CPU sends the seed partial result to the CFPA. If the instruction is being started, the seed 

will be zero; if the instruction is being restarted, the seed will be the last Pa result. 


POLY STEP Loop 
1. The CPU sends the new coefficient to. the CFPA. The FPA checks the. new coefficient for a 


reserved operand. The FPA computes new alan result which is epial to the current Eee 
result * argument) plus coefficient. 


2. The CPU indicates when it is ready for the eer The CFPA ‘peiohite by sales hig status and 
the new partial result. The status includes the reserved = check on the coefficient and any 
errors from the polynomial step computation. | } 


3. The FPA executes the POLY STEP loop until a new opcode is eel 








Specifications 


The mechanical, electrical and environmental specifications of the CFPA are contained in the 
following paragraphs. The test conditions for the values specified are listed as follows unless 
indicated otherwise. 

° Temperature ( T,): 70°C 

« Power supply voltage (Vpp): 4.75 V- 


. + Ground (V, ss)! ov 


Mechanical eae 
The physical dimensions of the CVAX 78135 44-pin surfacemount. caer paae are contained 
in the Appendix. 


Absolute Niece Ratings © 

Stresses greater than the absolute maximum ratings may cause permanent damage to the device. 
Exposure to the absolute maximum ratings for extended periods of time adversely affect the 
reliability of the device. 


- Storage temperature range (T;): “55°C to 125°C 


- Active temperature range (T,): 0°C to 125°C 





= Power supply voltage (Vop): -0.5Vto*V - | 
- Input or output voltage applied: -1.0 V to* V _ 


*To be determined. 
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Recommended Operating Conditions 


: Temperature (T,): 0°C to 70°C: 


. Power supply voltage (Visa) . >) Vto5.5V_ 


de Flectrical Chasscteristion : 
The de input and output parameters are lied in Table 6. 


Symbol 


View 


Vee ats 


Vou 


Vom 


C,, ae. 
Cosi 








| Table 6 « CVAX 78134 de ian and Output Parameters 


Paraniste: 


High-level input voltage 
(TTL) 


Low- level input voltage | 


(TTL) 


High-level output voltage 


(TTL) 


Low-level output valine 
(TTL) 


High-level input voltage 
(MOS) 


Low-level i input voltage a 


(MOS) 


High-level output voltage 
(MOS) 


Low-level output voltage 
(MOS) 


Input leakage current 


_ Output leakage current. 


Active supply current 


Input capacitance © 


. Output capacitance 


*To be determined. 


ac Electrical Characteristics Poo ees 7 
The following notes apply to Figures 5 through 12 and their associated timing tables. 


Min. 


« All times are in nanoseconds (ns) except where noted. 


* Ca4= 130 pF (except for CPDAT <5:0> and CPSTA< 1: O>) 
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Test Condition 


- Requirements: Units 
Max.,. rae? 
20, te V 
— 0.8 Vv 
2.4 ee a ee ee 
_—_ 0.4 — V Io = 2:0 mA 
10% Veg = V 
90% Voy — V Iy.=-1.0 mA 
= 0.4 Vv tL =10mA- «~ 
20 20 uA O:<:V, = 5,25 
220 42 205. a, tie = 0 5250 as 
— 200 mA L.. =0: 
T, =0°C 


pF 








: ac highs for MOS inputs are measured at Viyj4 and lows are measured at Vim. 





= ac highs for MOS outputs are measured at Voy and lows are measured at Vom. 
» ac highs for TTL inputs are measured at V,, and lows are measured at Vi- 
« ac highs for TTL outputs are measured at Vo, and lows are measured at Vor: 


- MOS inputs are driven to Vo. or Voum and TIL inputs 2 are e driven to Nou or Vou 


Clock Input 
Figure 5 shows the clock input timing and the parameters are listed in Table 7. — 


90% 
CLKA 
10% - nitty a ae 
KE is 
'CYCLE | ICLKE 'CLKH TCLKL 
90% 'CLKOLY i | 
CLKB 
10% 
me TOKE ’ | i. : ‘ : un : bis re Ceres oe Por ee : 
"CYCLE = atm Hom ICLKE ad: I ea a ae fee TCL EL om 


Figure 5» CVAX 78134 Clock Input Timing 





Table 7* CVAX 78134 Clock k Input Timing Parameters 


Symbol Parameter : Requirements (ns) | 
(nominal) 23 27 
trey External clock high 5.0 25 
ee —_External:clock dome 6A beeen A TET ABQ Semis 25 
toes External clock edge rate 0 | eetdd 
fern —_ External clock cycle | | 50 S 


*To be determined. 


Initialization 
Figure 6 shows the initialization timing and the parameters 4 are listed i in Table 8. 


‘RESETS / 





DAL <31:00> 


tRESETDLY 'CPHLZ . 
CPSTA<1:0> . 
CPDAT<5:0> 


Figure 6 = CVAX 78134 Initialization Timing 
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Table 8 cvax 78134 Initialization hime Pee 


Symbol Parametet iti‘ C‘t*” | ne (ns) 

nee Coprocessor high-impedance delay ==—-—sO- ee 20:05 

oe Output drive from RESET assertion ..° O.} © 0°25. 

tarsers RESET input setup prior to P1 20 Cevour 10 
(nominal) Bat 40 is 

CRESETW RESET input width © C eB 2 AGE 9g! tae oe 
(nominal) | 500 — 

tgecetz Bus high-impedance time from RESET" =. O 7 25 





External DMA. Timing 
Figure 7 shows the DMA signal timing, and the timing samsens are ee in Table 9. 





DAL <31:00> 


_ Figure 7» CVAX 78134 External DMA Timing 


Table 9 » CVAX 78134 External DMA Timing Parameters 





Symbol Parameter* » Requirements (ia) 
Seas ae | _ | Min, = Max, 
tious DAL high-impedance delay | | 0 | | (20 _ 
tases DAL active drive delay 0 20 
Gia DMG Holl he ys eee asia. oy gue i eee ad ee 
tics DMG setup 25 ~~ 


*DMG must remain asserted during all DMA cycles to avoid conflict onthe DAL. . 
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Coprocessor Timing 


Figures 8 through 12 show the timing of the transfers between the CPU and CFPA, and the timing 


parameters are listed in Table 10. 





CPSTA<1:0> 





CPDAT<5:0> 
-- EXECUTION OF NEW VAX INSTRUCTION BEGINS | 


NOTE: 
CVAX DRIVES CPSTA<1:0> AND CPDAT<§:0>. 


Figure 8*C VAX 78134 Opcode Transfer Timing | 


KA i 
- P2 P4 P2 


- CPSTA<1:0> eee) er ee) Capes 
: A dN 
. OPERAND ON DAL} 
CPDAT<5:0> ALIGN CODE, FU BIT 
: “tee f Po Aae AA a wk, hr © ot ae 


tpg 


DAL<31:00> ( operann iX 


LASS 


toH 












B| 


sO im 


Figure CVAX 7 8134 CPU to CFPA Operand Transfer (AS not asserted) 


Timing 


a9 





Pt PI ps Oe Pa P3 


pee VIG Ll IGeeS Oe. P2 


= P2 CCPH P2 


P4 
le- cpg 


CPSTA< 1:0> - 8 ae i. 
CPDAT<5:0> G ALIGN CODE. FU BIT P ae aware Lie aia 





DAL<31:00> ADDRESS 


'Swe 





_... Figure 10* CVAX 78134 CPU to CFPA Operand Transfer (AS asserted) Timing 
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sn iam inmeymant 


BOS0080 























P3 
te a P4 
tops 
CPSTA<1:0> 
_ oman 
CPDAT<5:0> 
(CVAX DRIVING) [ cruncaoy J READY 
DAL <31:00> 
(CVAX DRIVING) 


CPSTA<1:0> , 
CPDAT<5:0> 
(CFPA DRIVING} 





DAL <31:00> 
(CFPA DRIVING) 


CLKA 


CPSTA<1:0> 
CPDAT<5:0> 


DAL <31:00> 


Table 10 = CVAX 78134 Coprocessor Timing Dirainieters 


Symbol i Pam. Requirements (ns) 
Min. Max. 


CasH AS hold 5 a 
Tass AS setup a oats satetie? sed 








fi rs Coprocessor line drive delay : Ora 20" 
toppy.- “ °...-.......Coprocessor line hold... 2... bes cisen “Oita OR, waned. oe 
ten _ Coprocessor line drive hold sigs ee 


nr re - Coprocessor ay impedance datas = 0 | ae BO - 





ters ~ Coprocessor line setup = BBR 
— 
"30. 
20 


tcpzx, “~~ Coprocessor active cae Bees 
ries | res a 
toa == DAL rive hold 


ulolo 





‘o 


tes ~ DAL high-impedance delay 
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EBEHGE0 Preliminary CVAX 78134 


Symbol Parameter Requirements (ns) 

. Min. Max. 
toneean DAL active drive delay 0 20 
toa DAL hold 5 _— 
tps DAL setup 25 = 
Fees RDY and ERR sample window hold 5 — 
Fags RDY and ERR sample window setup 15 —_ 


7G. = 150 pF. 
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- Features 


« Standard TTL oscillator input 





- Generates two 180-degree out-of- phase precision. MOS clock signals for CVAX 78034 CPU, CVAX 
78134 FPA, and CVAX support chips | a 


« Generates two auxiliary 180-degree outiof. sath pi precision n clocks rae use ¢ by system interface 
« Generates a single. auxiliary MOS clock in phase with the CPU microcycle 
- Generates proper timing and synchronization for RESET RESET signal | 


* Provides common. synchronization point for the RDY and ERR sign | allowing the system 
interface to operate asynchronously - _ 


" Provides board level tester sactondad via TEST. and TCLKIN 
« Requires single 5-volt supply | 


- Description 


The CVAX 78135 Clock (CCLOCK), contained in a 44-pin surfacemount aie generates the 
precision MOS clock signals required by the CVAX 78034 CPU, CVAX 78134 FPA, and up to two 
additional support chips. The CCLOCK also. generates. t iary.clock’ signals that c that can be used 





by the CVAX system interface and provides timing and synchronization for the RESET, RDY, and 
ERR signals. Figure 1 is the block diagram for the CVAX, 78135 clock. . 


SYSRESET O i> SYNC | . C) RESET 


ick aa ene yd 
CLKIN | o ne 


Test he 


pees} ACLKC 





wef") RDV.ERR 





DMG tl 


Figure 1 * CVAX 78135 Clock Generator Logic Diagram 
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i Pin Descriptions. bs, | : 
“This section ‘rovides’ a brief description e thet Apu and euebue sionals and power rd ey 


connections of the CVAX 78135 clock generator. The pin assignments are identified in Figure 2 and 
the signals are summarized in Table 1. 


NC VSS ~—s ACLKA’—s VDD NC NC 
| ACLKB | vss | VDD | ACLKC | NC 


39 38 «437 36 «35 34 33 32 31 30 29 





rye lag _ : | 28 --vss 
voo—y40 | a | 27 -—vss — 
VDD | iz | 26 F-vss 
vss 143 ! | , 25 F— SYSERR- 
CLKIN | cvax 78195 | 24 [— SYSRDY 

TCLK_IN — | CLOCK GENERATOR | 23 — vss 
Test 22 |— ERR 
VDD 21 -— RDY 
VDD | SYSRESET 
VDD VDD 
NC : 3 | — Nc 

9.10 11.12 13 14 46746-1417. 
McLkB | vss | von | vss | Ds __ 
NC VSS = MCLKA VDD RESET DMG 
Figure 2*= CVAX 78135 Pin Assignments 
Table 1 = CVAX 78135 Pin and Signal Summary 
Pin Signal Input/Output Definition/Function 
44 CLKIN Input Clock in—An input that provides the timebase 
| for the CCLOCK outputs. This input is driven by 
a standard TTL oscillator output. 

1 TCLK IN Input Test clock in—An auxiliary test input clock that 
provides the timebase to all CCLOCK outputs 
when the TEST input is asserted. 

2 TEST Input Test—Selects the clock input to be used as the 


timebase for the CCLOCK. 
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Pin ©" Signal Input/Output Definition/Function 


148 = MCLKA,MCLKB Output Master clock A and Master at: BcThese 
ee a , | _ outputs provide the timebase to CVAX 78034 
CPU and. support chips, The frequency of both 
clocks is one-half of the frequency of CLKIN 
input. MCLKA is phase shifted by. 180 degrees 

| from MCLKB. 








(35,38 ACLKA, ACLKB Output = | ‘Aiinilianye lnk: és aud oie nee B_ The 
eee eee: oN  gutputs provide a general purpose timebase. 
» . ACLKA-and ACLKB are the same frequency as 
MCLKA and are hoi aac with MCLKA andl 
_ MCLKB; respectively. | 


32°: ACER GM rte 2 Output ee “Auxiliary: clock C—Th tat is anetoueh of 
ce a the? frequency of CLKIN and is $ syhichronized | to 
MCLKA and ACLKA. > 








20 SY. RESET Input System t reset—An asynchronous system reset sig- 
(a ° oa 





24 SYSRDY ipa Gata Sotetn rady—An synchronous sytem ready 
: eet | signal. ores | Lees 


25. SYSERR- a » InpuJOurput Sytem error—An asynchronous & hes error 
ae Ladue ee , 3 signal. se : 








15 RESET —_ Output ee eer cA Ata anode reset signal for the CVAX 
7 oe ae _ 78034 CPU and its associated support chips. 
Bees co RDY vd ba Input/Output | ReadyiAi synchronized ready signal for. the 
) cower gelie bess GVA 73034 eRU _ its ssoclited skied 
chips. | : | 





22 ERR Input/Output Error—A guichroniced . error apa for the 





CVAX 78034 CPU van" its s associated 1 


chips. 





17 = DMG ’ Input ee DMA ganic: Erevides. bus direction patrol for 
. | : the SYSRDY, SYSERR, RDY, and ERR ERR signals, 


16. EDS | etry 0 Input eo cene Data istrobersA | timing st strobe to control. the 
, cnet anal woh ..... deassertion: ae the: SYSEDY, SYSERR, ‘RDY, and 
-ERRsignals. 


3,4,5,12, Vo‘ ~— Input = Voltage—5 volt power oa Tr 
13,19,33, aE : mae op te eer 
34,41,42 








910,144, Vs Input © Ground—Common ground reference. 
23,26,27, oe 

28, 36,37, 

40,43 — 
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Clock In (CLKIN)—This input provides the time base for all CCLOCK OUrDHEE At is driven be a 
standard TTL oscillator output (nominally 40 MHz). | 


Master Clock A ‘and B (MCLKA, MCLKB)—Precision MOS clock outputs: that provide the 
timebase for the CVAX CPU and support chips. The frequency of these clocks is one-half of the 
oscillator input frequency (nominally 20 MHz). MCLKB is nominally delayed 180 degrees relative 
toMCLKA. | 

“Auxiliary Clocks A, B, and C (ACLKA, ACLKB, ACLKC)—ACLKA and ACLKB are auxiliary 
precision clock outputs that provide a general purpose time base. ACLKA and ACLKB have the 
same frequency as MCLKA and are nominally delayed 0 degrees and 180 degrees, respectively, 
relative to MCLKA. The frequency of ACLKC:is one-half of MCLKA and is nominally delayed 0 
degrees relative to MCLKA. It can be used ss the system interface and defines the starting time of a 
cycle. eae 

Reset (RESET) —This output drives ie RESET input of the CVAX CPU and support chips. It 
results in the chips being set to their initial powerup state. RESET is asynchronously asserted when 
the SYSRESET signal is asserted. It is deasserted after SYSRESET is deasserted and is synchro- 
nized with the rising edge of MCLKA. This defines the system phase 1 (P1). 


System Reset (SYSRESET)—This asynchronous input is synchronized by the CCLOCK to drive 
the RESET output. The assertion of SYSRESET causes the RESET output to be asynchronously 
asserted. The deassertion of SYSRESET is ee een on the rising edge oe MCLKA to cause 
‘RESET to deassert. 


Ready (RDY)—This is a bidirectional signal and is an oe output ee a CPU cycle when 
DMG is deasserted. It is an input to SYSRDY during a,DMA cycle when DMG is asserted. RDY 
connects directly to the RDY input of the CVAX CPU and synchronous CVAX support chips. RDY is 
an output when an asynchronous slave device may be responding toa CVAX CPU external reference 
(DMG deasserted). 


When DS is deasserted, RDY is deasserted. When DS and SYSRDY are asserted, RDY is 
synchronized with MCLKA and ACLKC and then asserted. RDY is deasserted by the deassertion of 
DS or SYSRDY, whichever comes first. An external pullup resistor is required to provide the 
deasserted state for the system. The RDY synchronizer is cleared on deassertion of SYSRDY. It is a 
high impedance when SYSRESET is asserted. — 


System Ready (SYSRDY)—This i is a bidirectional came It is an open-drain output when DMG is 
asserted. It is an input to RDY when DMG is deasserted. SYSRDY connects to the RDY input of 
asynchronous CVAX support chips. SYSRDY is an output when the memory system is responding 
toa DMA transaction from an asynchronous device (DMG asserted). 

When DS is deasserted, SYSRDY is deasserted and when DS and RDY are asserted, SYSRDY is 
asynchronously asserted. It is deasserted asynchronously with the deassertion of DS or RDY, 
whichever comes first. An external pullup resistor is required to provide the deasserted state for the 
system. SYSRDY is a high impedance when SYSRESET is asserted. 

Error (ERR)—This is a bidirectional signal. It is an s an open- -drain output when DMG is deasserted. It 
is an input to SYSERR when DMG is asserted. ERR connects to the ERR inputs of the CVAX CPU 
and CVAX synchronous support chips. 











ERR is an output when an asynchronous slave device may be responding to a CVAX CPU atetal 
reference (DMG deasserted). 

When DS is deasserted, ERR is a high impedance (deasserted). When DS and SYSERR are ied 
ERR is synchronized with MCLKA and ACLKC and asserted. ERR is deasserted by the deassertion 
of DS or SYSERR, whichever comes first. An external pullup resistor is required to provide the 
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deasserted state for the system. The ERR synchronizer is cleared on cesisention oF $ si 
a high impedance when SYSRESET is asserted. OEP Z 


System Error (SYSERR)—This is a bidirectional signal. It is an ae ee output when DMG is 
asserted. It is an input to ERR when DMG is deasserted. SYSERR connects directly to the ERR 
input on asynchronous CVAX support chips. | 





SYSERR is an output when the memory system | is ; resp énding to a DMA transaction from an 


asynchronous device (DMG asserted). Wheh DS is deaf, SYSERR is a high impedance 
(deasserted). ‘ 


When DS and ERR are sseebeed SYSERR poe icae es dpserts. It dasceris —e with 
the deassertion of DS or E ERR, whichever comes first. An external pullup resistor is required to 
provide the deasserted state for the Piao SYSE IRR is : — ‘impedar ice when FYSRESET i 
asserted. ; “Chava pl 








Data Strobe (DS)—This ikdcbarnd input — the state of RDY, ERR, SYSRDY and 


SYSERR. These signals are deasserted when DS DS i is deasserted.. 


When DS is asserted, the signals that are defined outputs by the state 5 of DMG may be asserted 
depending on their respective inputs: a 


DMA Grant (DMG)—This etraropcs) input provides a bus diet control fot driving RDY RDY, 
ERR, SYSRDY, and SYSERR 


When DMG is deasserted, RDY ad ERR are outputs that 1 that respond to the SYSRDY SYSRDY, SYSERR, and 
DS DS inputs. When DMG : is asserted, SYSR : Y and SYSERR are outputs that respond to the RDY, 
ERR, and DS inputs. — 


Test (TEST)—This input eee an input énable control. When TEST is asserted, the CLKIN 
input is disabled and all CCLOCK outputs are timed by TCLKIN. This allows the system to be 
functionally tested at reduced. frequencies without requiring the outputs to be set to high 
impedance. When this signal is not used in in a CVAX system, it must be connected to Vpp through an 
external pullup resistor, 


Test Clock Input (TCLKIN)—This a test input provides a time base for all CCLOCK 
outputs when the TEST input is asserted. It can be driven by TTL or MOS levels that are provided 
by the tester setup. It connects through an external resistor to the Vpp supply when not used. 
Because there are no dynamic nodes in the CCLOCK, the lower frequency limit of TCLKIN is not 
restricted. 





Voltage (V,,)—These inputs provide 5 volts (+5 percent) from the power supply. 
Ground (V,,)—These inputs provide a ground reference. 
Al Vig jana must be Sapo le ands to > the ¢ sone tie ee using ‘the, siouee ak, or 


power plane possible. All ground (V,;) inputs must be connected. together using. the shortest wires 
or ground plane possible. 


- Interfacing Requirements 


The CVAX 78135 clock generator interfaces to the CVAX system as shown in Figure 3. The: system 
can be sectioned into a synchronous side and an asynchronous side. The synchronous side consists 
of the CVAX 78034 CPU, CVAX 78134 FPA, and other synchronous devices. The asynchronous side 
consists of the asynchronous sy system interface and associated support devices and the powerup 
logic. The SYSRESET, SYSRDY, and SYSERR signals are asynchronous and are controlled by the 
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Bd|i lilt 


-MCLKA and MCLKB signals. The RESET, BR 
nous signals generated by the CCLOCK. 





| a oe * 3 af 






RDY, and ERR renee are the ee sens 


VSS 





TEST CONTROL - 
"TEST CLOCK SOURCE — 





}TEST i, 
} TCLK_IN 











KIN 





Kee 
MCLKA.B 


RESET : 








CVAX 78034 | 
CPU 
















-cvax78135 | | | 
CLOCK CHIP | 






|ASYNCHRONOUS| 
ISYSTEM 
JINTERFACE 





| cvax 78134 | 
| era 






} SUPPORT = 
CHIPS 





_ Figure 3» CVAX 78135 Typical CVAX CPU System with CVAX 78135 Clock Generator 


: Specifications 


The mechanical, electrical and environmental specifications of the CCLOCK are contained in the 
following pare =o test - conditions for the values oar are © listed as follows unless 
indicated otherwise. a a a oon te yee 





Z ecoeratite (T.): 70°C 
= Power supply voltage (Vpp): 4.75 V 
. ee (Vs): OV 








Mechanical Configuration ” 
| The physical dimensions of the CVAX 78135 44. pin surfacemount tcerguad package a are ‘contained 
in the Appendix. 
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Absolute Maximum Ratings 
Stresses greater than the absolute maximum ratings may cause permanent damane« to oie ae 
Exposure to the absolute maximum ratings for extended periods et time seaienexs affect the 
reliability of the device. | Peal Bipeice oa} | 


: * Storage temperature range (T;): -55°C to 125°C 
. Active temperature range (T,): orc. to 70° 





+ Power supply voltage (Vpp): -0.5 V to 7.0 V ~ 





« Input or output voltage applied: 0.5 V to Vasa +0.5)V 





Recommended Operating Conditions Deere ae Perna oo eee 
» Temperature (1): 0° Cte TOPE”? 3 Gow © siyroarly b onug!t or qge zeton gaiwote 
* Power supply voltage (Vpp): 4.75 Ve to 55. 5.25 Vv H9301 tee Iquaas MODScO0RA Lom 


dc Electrical Characteristics. | 6 japsip sin ance 20M 13) 
The de input and output parameters are elisted i in Table 2. a. . 
‘Table'2 « CVAX 78135-de. inp and Output P Pare 


Symbol Parameter Requirements | 


Var High-level input voltage 2.0 | | ar Ty V BeSAS Ea } Vpp=5.25 V soi te 








Vin Bhi t en ke Low-level in ut volta ye : aS | ) es =e : . i 0.8 : : a bd Vv . Pasa | - es Vo - =4,75 V Ce 
& | D 


Vou High-level output voltage 2.4 = Vv lox = -2-0 mA 
(TTL) | Von = 4.75 V 


Vor Low-level output voltage \ a -_ 0.4 - / pra, if Vv . IQ =40mA 
(TTL) ee ehiante a : x mt “ " a Vpop = 4.75 V 


Voi High-level output ahaa 90% Vs — 2 V | on =—100 pA 


Voie Low-level output vouaee — 10% Van V Io. = 100 pA 











= (MOS) 





ee ee leakage current Ee ig ag 





Io. Output leakage current 50. 5O.° pA -0« 7 <5. 25V v 


ae B 1... 

aes Fh Sate. | 

"DS deasserted’' 
So  teyerens = 25 Ns". 


— Ae sore aac eee 





Co Input capacitance — eiecie nets —— 0. pF 


Confidential,and Proprieta: 1-115 





NUON HUN SNH 


OSO0E 








Symbol Parameter — __ Requirements _ : Units ; i | Test Condition 
Rae A De aon Ee Min. “Max. tegen Tiare , 
Gas. Output capacitance =. 2) pF 
MCLKA, MCLKB, ACLKA, - : 
ACLKB, and ACLKC | 
Cx RESET output capacitance —_—  . 20 | | pF | 
Care I/O pin output capacitance — 5 pF 
_*Refer to Table 3 | | | 


ac Electrical Characteristics 4) 7 thi 
The following notes apply to Figures 4 through 9 and their eee mame tables. 


« All times are in nanoseconds except as noted. 
= Cina = 150 pF | 
- ac highs for MOS outputs are measured at Voym and lows are measured at Vom. 
- ac highs for TTL inputs are measured at V,, and lows are measured at Vi. 
= ac highs for TTL outputs are measured at Voy; and lows are measured at Vo. 


» TTLinputs are driven to Vo, or Voy. 


Clock Inputs and Output Timing | 


Figure 4 shows the timing for the clock input aid Table 3 lists the abe: input amas parameters. 
bigus 5 shows the clock output timing and Table 4 lists the clock output timing panei : 


CLKIN 


tCYCLEIN tCLKINH he— tCLKINL 
tCLKINR 4 fe (CLINE 


Py, 


Figure 4» CVAX 7 8135 Clock Input Timing 


Table 3 = CVAX 78135 sai Input Timing Parameters* 





Symbol ai Parameter 7 ; Requirement oe) 
tan _ e CLRIN fall : | OF 45 
tana =~ CLKIN high 9.5 — 
tax  —-»-~ CLKIN low 9.5 — 
Captions: pre Be CLKIN rise _ | ta 40,9 a 
ee CLKIN cycle es | : 25 peal elias 


*Requirements for TCLKIN are the same as for CLKIN. 
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tCYCLEM————o| ‘CLKMF->4 | ‘CLKMH | 1 tCLKML 
{CLKMR 


MCL KB 


“mje TCLKMR tCYCLEM teLKIML : — a he ICLKMF i 


ja TCLKADLY 

| | 

| HO ; 
a PtCLKABR | ear | | 'CLKABL 


ACLKB 


tCLKBDLY : 1 | Veaiiges GSE BOA as 
tCYCLEAB ‘CLKABF = 'CLKABR fe 'CLKABL 'CLKABH 
do Bug we ad ; 3 a aan fi ae : 


—'CLKCDLY 
ACLKC 
tCLKCH : ly 'CLKCL 


tCLKABR 'CLKABF A gy A 


Figure 5 » CVAX 78135 Clock Cutout Timing OS a. ee 


Table 4 - CVAX 78135 Clock Output Timing Parameters 





Symbol Parameter setae (ns) 


tare ACERA,‘ACEKB arid ACL ROC fal? OS 200 SOT ST Tg grok ar ovo 30 
touxan. __ ACLKA and ACLKB low! fine a 
texxann  ACLKA, ACLKB and ACLKC rise" 2 198 “5.0 











tax MCLKAtACLKAdhy 7 ON” OSSSC«S 
Say PMLA AcE ad eee 
Coke. ACLKC low’ nn? (ee —7 

ese MELE MCLE ACE leona 0 {OS 








tome 4 MCLKA sai ce fall es Cae 5.0 
texmy . MCLKA and MCLKB high* ee ere ee M = eee 
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Symbol Parameter . sail Nw a, ‘ Requirements cm 
tcycLEm MCLKA and MCLKB cycle . | z 2 x tcycLEIN = 


‘MOS timing measured at 90% (Vpp) and 10% (Vpp). 
?C = 150 pF (max.), C=50 pF (min.), and I.,,=0 
*(tevcreas/2) 2)—terkas | a 


*(toycrean/2)—terkaBr 


>MCLKA and ACLKA equally loaded. 
‘MCLKA and MCLKB equally loaded. 


"(tevcrec/2)—-terkasr 
*(teveared 2)—tacane 
°>MCLKA, MCLKB and ACLKC mie loaded. 


ees and ACLKB equally loaded, Tous = =0 
"(teycrem/2)-0.5 

Mit vary2)+0.35 

BC = 150 pF (max.), C=50 pF (min.). 
*(teycuem/2) — terkme (max.) ; 

*(teverew/2) 2)- ~ CoLKMr (max.) 


Clock Initialization | | a | 
Figure 6 shows the clock initialization timing, and the parameters are listed in Table 5. 


; 'SYNS : ; 


"RESETW 


BYSRESET 




















tRESETZ 
RADY, ERR, 
SYSADY, anne 
SYSERA —. 


Figure 6» CVAX 78135 Initialization Timing — 


Table 5 « CVAX 78135 Initialization Timing Parameters 


Symbol — Parameter : ) | ’ Requirements (ns) 

: oe Min. = Max. 
treserD Asynce assertion time for RESET | ie 
tresetrw | SYSRESET width |  @ ee = c 
treserz High- impedance output from SYSRESET 20 Se 


1-118 Confidential and Proprietary 





Symbol Parameter Requirements (ns) 
ere ote a suncisce i Mo 
tsync RDY and ERR assertion from SYSRDY and? 3 A 
SYSERR assertion with DMG DMG deasserted <— 
tency -—-—orvy aNd ERR assertion aad RESET Chath §Q4 os : 15 
deassertion from MCLKA (ph ase By hae 2 oe panel 
edge with DMG deasserted 


teynn Syfichronizer. | | | ee) | he — 








fae 3 Syachionizer erin” oe pope Ses a | 


115+(3 X tevcrem)—tsynn 
*tsyns + 3 +: Teveuem - 


Ready and Bence Timing 
Figure 7 shows the timing for the RDY and ERR ign with DIG DMG deasserted, and Table 6 lists the 
Hening Deamictets: gtk ct secs wheg 


MCLKA PI P2 P3 Pa pL P2 ps XP 


'SYNS  teuig 


Ds 
SYSRDY.. hey . 7 - 
SYSERR ‘ | 


r@—- 'SYNCDLY Mem tO. 








‘SYNC 





_ Figure 7» CVAX 78135 Ready and Error (DMG Deasserted) Signal Timing 


Table 6 « CVAX 78135 Ready and Error (DMG Deasserted) Signal Timing Paramerers 
Symbol - Parameter setae ti aaa . . Requirements (ns) 
aS Es TINE TRB SoU ROTES UREN BOE MURS OS Mia 
= _ RDY, SYSRDY, ERR, and SYSERR 2.9 “Hiotoret 49 

___deassertion from DS deassertion _ 





tomes _ DMG setup time before DS PAATCre boa Aggies is 
a DS setup time before RDY or ERR a ; ’ “10 . = 
= RDY/ERR fall 19 2 10 
tes ROVER ride’ oD Qs FT 4g 
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i aaa eee 
| toy Min. Max. 

tanec RDY, ERR assertion from SYSRDY and eke ® 

SYSERR assertion be ey rin 2. : 
——— _ RDY,and ERR assertion and RESET 5.07 _ a >) 

deassertion from MCLKA (phase: 3) edge | wie ae | 

tain Synchronizer hold | 5.0 —— 

tae. Synchronizer setup | | 5.0 ae ae ae 

'tsyns +9 + teycuem : 


715 +(3 X teycrem) — tsynn | | 
>tsyns and teynyz are the setup and hold times needed at a synchronizer input to ensure nese he el 
is recognized as expected. Signals with a shorter setup or hold time than wage, will be 


synchronized but the results are sealer 


System Ready and System Bite: Timing _ 
Figure 8 shows the timing for the SYSRDY and SYSERR signals with with DMG asserted, sei Table 7 
lists the timing parameters. Figure 9 shows the timing for the SYSRDY SYSRDY and SYSERR signals during 
a retry, and Table 8 lists the timing parameters. | 


al 


fay 


toss—o 


1 tre | _ top | ‘DA 


SYSROV. | | a ra 
SYSERA ] | 





Figure 8» CVAX 78135 System Ready and System Error (DMG Asserted) Signal Timing 





Table 7 = CVAX 78135 Systein Ready and System Error ve Asserted) Signal Timing Pareineters 


Symbol _ Parameter* ee eee Requirements (ns) 
oa - -—RDY,SYSRDY, ERR, andSYSERRhigh =i 44.00—(< ssi‘ tid 


impedance from deassertion of | 
asynchronous input prior to DS 
deassertion . 


ts _ RDY, SYSRDY, ERR, SYSERRdeassertion 2.0 + = 10 
; from DS deassertion | | : 
ee DMG setup time before DS 20 — 
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Preliminary CVAX 78135 


Symbol Parameter* Requirements (ns) 
Min. Max. 
tats DS setup time before RDY or ERR 10 a 
tes SYSRDY and SYSERR assertion from RDY 5.0 15 
and ERR assertion 
teer RDY or ERR fall 1.0 10 
tase RDY or ERR rise 1.0 40 


*SYSRDY and SYSERR are not synchronized to MCLKA or MCLKB in this configuration since the 
asynchronous portion of the system is receiving these signals. 


MCLKA PI P2 P3 P4 Pt P2 P3 P4 Py 


'SYNS 





SYSERR 


a Lae 


'RDY (MIN) 
'RDY (MAX) 


Figure 9» CVAX 78135 System Ready and System Error (Retry) Signal Timing 


Table 8  CVAX 78135 System Ready and System Error (Retry) Signal Timing Parameters 





Symbol Parameter* Requirements (ns) 
Min. Max. 
tne Synchronizer hold 5.0 — 
one Synchronizer setup 5.0 — 
ee SYSERR to SYSRDY on retry tine twa 2S fie 
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Features 
- Support for external ROM = 100-Hz interval timer 


—8-, 16-, or 32-bit data width 


—Programmable address decoding — ee 


—Cycle completion (RDY assertion) : = 4-bit output port 
: a pater backed-up RAM (256 by Bartery backedsap VAX SRM es 


Rainer IS RE eee clock 
VAX SRM compatible console terminal , 

UART similar to DLART with eight baud ee es 

rates, CTRL/P break detection, and secure. * Halt.arbittation logic 


console support. : 


= Two programmable address decode strobes 


VAX SRM compatible console storage (auxil- 
iary) UART similar to DLART 





Description - 

The MicroVAX 78332 System Support Chip (SSC) is a multifunction interface that provides the 
common functions necessary to support the MicroVAX or CVAX system environment. It includes 
unpacking logic for up to 1 MB of external ROM, a 1-KB RAM, two asynchronous serial line ports, a 
4-bit output port, two programmable address decoders, two programmable timers, and a realtime 
clock. It substantially reduces the number of components necessary to develop a MicroVAX system 
on a CPU board and is contained in a single 84-pin cerquad package. The functional block diagram 
of the MicroVAX 78332 SSC is shown in Figure 1. 


Po 7OB2Z eS 
| SYSTEM SUPPORT CHIP 


| BUS INTERRUPT ACKNOWLEDGE ENABLE TO 
INTERFACE j BUS DEVICES 


| PROGRAMMABLE 
| TIMERS 
PROGRAMMABLE. | 
Kk BUS TIMOUT 
LOGIC : 
[A CONSOLE | SERIAL LINE | 
| TERMINAL TERMINAL 
| UART a | 
CONSOLE AUX 
STORAGE } | i 
Lee by — eee 


TO 4-BIT 100 HZ 
LEDs/DEVICES 1 ere }— 40 MHZ TTL 
PORT TIMER ~ i 
| Coe DIVIDE BY 256 
IN | oy COUNTER i 


ADDRESS 
STROBES 
TO DEVICES 


wy 
ea 
;o 
| wi} 
i 
2 
} ct 
je 
iE 


25.6 KHZ 





Figure 1» MicroVAX 78332 SSC Functional Block Diagram 
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Pin arid ae Descriptions 
The input and output pins and power sind ered connections of ‘ie MictoVAX 7 78332 SSC are 
shown in Figure 2. Table 1 provides a summary of the signals defined in the following paragraphs. 








=) 
i @& ie fO ke 
_ sl «<x o [BIE . - 10 jzde 
ssh ee s@HRE § REREGEEER 
/Q Tp) 
OFrlz « 2 a lz Lio j2 S Ligigz |b lf 12 1s EE a 


70 69 68 6766 65 64 63 62 6160 39 58 57 5655 54 





VSS —1 ane 53 -— ROMWIDO 
RESET — | | 52 -— ROMWID1. 

ERR : | 51 -— BLO - 

RDY Osea ta : aire oY 50 }— OPT3 

Wh Ce bass 3 49 +— OPT2 
¢ts2 | : 47 OPTO 

cSi—j 820 | -_ 46 |— csp! 

cso=4 83 | . | a 45 +— CSDO 

DS | 44 |— ctor 

AS | MicroVAX 78332 — [ 43 CTDO 

| SYSTEM SUPPORT CHIP | 

vss | | 42 vss 
VDDI | | 41 VDDI 
DAL31 ae ee | | : 40 -— SECCON 
DAL3{O-—4 5 } = 39 -~ paLoo 
DAL29 — | ve | ‘a 38 F DaLo1 
DAL28 | | | | 37 DALO2 
DAL27 — * | | 36 /— DALO3 | 
DAL26 - | 7 <= | 7 | | 35 | DALO4 | 
DAL25 —4 10 : epee a it 34 /— DALOS 
VODK =< 7 ee eu oe Ua VDDX 

23 2425 
— mw t+ 7 - nono wn 
TEEELEEEEEEETTETTELL 
oS a°a 2a Oa Oo a. ao 2 6 6: -O.0 6 2:0 4 6 


Figure 2» MicroVAX 78332 Pin Assignments 
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Pin 


4-10,13-31, 


3439" 


81-83 


Table 1+ MicroVAX 78332 Pin and Signal Summary 


ao 
DAL <31:00>. 


— €$<2:0> input/output 


ae put /output 


Description/Function 


Data and Address Lines—Time multiplexed 
lines used to transfer address and data informa- 
tion between the SSC, the CPU, and the SSC 


Cycle status—Provides status and control infor- 
mation about the current bus cycle. Connects to 


; -CS/DP <2: 0> onthe CVAX.. 





84 


54-57 


DS 


 BM<300> 


input 


input. 


input 


Address strobe—Provides timing and control 
information to the SSC. 


- Data strobe—Provides y timing and control 


information for data transfers to and from the 
SSC. 


Byte mask—Indicates which bytes of DAL lines 
data contain valid information during the SeCc- 


ond part ofan T/O cycle. 





79 
78 
77 


80 


tri 
ae) 
”n 


output 


output 


+ pet 


Write—Specifies the direction of data transfer 
on the DAL. 


Ready—Asserted by the SSC to indicate the 
end of bus cycle. — 


r Error—Asserted by the $8¢ to indicate a bus 


timeout condition. a 


External processor strobe—Coordinates the 
MicroVAX external processor transactions. 





60 
59 
40 
58 


68 


RESET 


CPUHAIT 


— ‘SECCON 


RUN 


IRQ<n> 


input 


7 input | 


output 


output 


Reset—Asserted during power system transi- 
tions and during battery backup mode. The 
deassertion of the RESET signal initializes the 
SSC. a | 


CPU Halt—A halt request to the CPU. 
Halt in—A halt request from the external logic. 


Secure console—When asserted, the halt 
requests received by the console terminal are 
not transmitted to the CPU. 


-Run—Asserted when the halt signals are 


enabled. 


Interrupt request—An interrupt request to a 
CPU. 
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Pin 
67 


66 — 
ZZ 
70,71 | 


5352 


44: 
43 
46 
45 
62,61 
50,47 
65 
74 


72 


69 


51 


1-126 


Signal |. 
IAKEO 


TORESET 


ROMEN 


~ROMADR < 1:0 > 


ROMWID < 1:0> 


CTDI 
CTDO 
CSDI 
CSDO 


ADS < 1:0> 


“OPT = 30>. 


INTCLKO 
CLKI 


TB40M 


TB25K 


a output | 


output 


output — 


output 


input 


input 


output 


input 


output 


output 


output 
output 
input 


input 


input 


input 


| Description/Funetion 


Interrupt acknowledge eisibile ey ee 
by the SSC upon receipt of an interrupt 
acknowledge from the CPU if no SSC interrupts 
are pending at the interrupt acknowledge level. 


I/O System Reset—Asserted by the SSC when 


the CPU writes to processor register IPR #55. 


Typically used to reset a Q-bus system. 
ROM Enable—Enables the external ROM. 


ROM Address—Selects the correct bytes dur- 
ing a ROM read operation. 


ROM Width—Determines the width of the 
ROM and is also used to cause the SSC input/ 
output lines to become high impedance. 


Console Terminal Data In—A serial input to 
the console terminal receiver. 


Console Terminal Data Out—A serial output 


of the console terminal transmitter. 


Console Storage Data In—A serial input to a 
console storage receiver. 


Console Storage Data Out—A serial output of 
the console storage transmitter. 


Decoder Strobes—Asserted when the selected 
addresses are detected by the SSC. 


Output Port—Can be used to control output 
devices such as LED indicators.. 


Interval Timer Clock Output—A 100-Hz inter- 
val timer signal. 


Clock In—An SSC clock timing signal nomi- 
nally 40 MHz. 


Time Base 40 MHz—Provides a 40-MHz time- 
base to the baud rate generator, the bus timeout 
logic, and the interval and programmable tim- 
ers. Also provides a timebase to the time-of- 
year clock if the TB25K input is-grounded. 


Time Base 25.6 KHz—Provides the timebase 
for the time-of-year clock. 

Battery Low—lIndicates that the battery power 
is low. 
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Pin Signal ee Type — | Deécription/Function 

3,41 aa Voc | % | - input ty ‘Voltage—Continuous 5 Vde de power to the SSC 
eS sncad 7 a, mattaa internal circuits. 3 
11,33,64 | Vey? ; fn ped abu oa Voltage—5 Vdc power to ere SSC pad 
2,12,32,63 Ves oe input | hod "Ground. Ground reference, oe = 





Data and Address Lines 

Data and Address Lines (DAL < 31: 00 > She data ait aicss linea are e time-multiplexed and 
transmit addresses and data between the CPU and other devices. The protocols used for the 
MicroVAX CPU and the CVAX CPU are as follows. aie 4 


During the first part of a MicroVAX CPU read or write cycle, DAL< 29:02 > contain the reer 
address of the operand. During the second part of a CPU read cycle DAL<31:00> are used to 
transmit information to the CPU. During the second part of a MicroVAX CPU write cycle, 
DAL <31:00> are used to receive incoming information. 


During the first part of an MicroVAX interrupt acknowledge was DAL<04: 00> contain dig 
interrupt priority level of the interrupt being acknowledged, DAL<31:30>=10 and 
DAL < 29:05 > are zeros. During the second {part of a he omsle, the Aneerqunt vector is tranannttted to 
the CPU on DAL<09:02>. | 


During a MicroVAX external processor (Ep) write ni ikntelarsh acl, “s CPU rhmngnsheid rhe processor 
register number on DAL<05:00> and the upcoming transaction type on DAL31 ead re 
write = 0). | 


During a MicroVAX EP ead response farce DAL< 31: 00> transmit -icifciotiatio to the CPU. 
During an EP write data cycle, DAL<31:00 > receives incoming information from the CPU. 
During the first part of a CVAX CPU read or write cycle, DAL<29:02> contain the longword 
address of the operand. sees me asec ae of: a aaa emiey DAL<31: 00>" ‘transmit | 
information to the CPU. 7 


During the second part of a write de DAL< 31:00> receive e incoming acai from the 
CPU. : 
During the first part of a CVAX CPU interrupt acknowledge cycle, DAL<06:02> contain the 
interrupt priority level of the interrupt being acknowledged’ and DAL<31:07> and 
DAL <01:00> equal zero. During the second pee of ate scisey DAL< “34: 00> transmit iriformaadi 
tion to the CPU.. 3 


During the first part of a CVAX EP sad or write eevee! thé CPU "enantio the processor register 
number on DAL<07:02> and zeros on DAL<10:08>. During the second part of an EP read 
cycle, DAL<31:00> transmit information to the CPU. During the second. part of an EP write 
on DAL<31:00> receive incoming information from the CPU. 


Control Lines | 
Address Strobe (AS)—During a CPU ere or write a a CVAX eae Processor register ae 
or write cycle, or an interrupt acknowledge cycle, the CPU asserts the AS line when the information 
on DAL < 31:00 > is valid and deasserts the line when the bus cycle has been completed. 


Data Strobe (DS)—During a CPU read cycle or interrupt acknowledge cycle, the CPU asserts the 
DS signal to indicate that DAL<31:00> are available to receive incoming data and deasserts the 
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DS signal to indicate that it has received and latched the incoming data. During a CPU write cycle 
or CVAX external processor register write ‘cycle, it is asserted by the CPU to indicate that 
DAL < 31:00 > contain valid data ‘and deasserted when the data is not valid. 


During a CPU write cycle, the CPU asserts the DS line to indicate that DAL < 31:00 > contain valid 
outgoing data and deasserts the DS line to indicate that the data will be removed from the bus. 
Byte Mask (BM<3:0>)—The byte mask specifies which bytes of the DAL contain valid 


information during the second part of a CPU write cycle. The SSC ignores the byte mask except 
during write operations to the RAM. The byte mask assignments are shown in Table 2. 


eo | Table 2 * MicroVAX 78332 Byte Mask. Data Selection 
Byte Mask Valid Lines’ 





Line 

BM3 DAL <31:24> 
BMD DAL <23:16> 
BMI DAL < 15:08> 
BMO DAL<07: 00> 


Write (WR) —This input sobeified't the divection of Asti scare on the thie DAL. When WR is. 


asserted, the CPU transfers data on the DAL. When WR is not asserted, the CPUI receives data from 
the DAL. The WR signal is latched when the AS input is asserted. 


Ready (RDY)—The SSC asserts this output to indicate that the current bus cycle should be 


successfully terminated. During a read cycle or interrupt acknowledge cycle, the assertion of the 


RDY signal indicates that the SSC has placed the required data on the DAL. During a write cycle, 


the assertion indicates that the SSC has latched the data. It remains asserted until the AS input is 
deasserted. This is an open-drain output. 

Error (ERR)—The SSC asserts this output to indicate na a timeout of the current bus cycle has 
occurred. The length of the timeout period is determined by the value loaded into the Bus Timeout 
Control register of the SSC. The ERR output remains asserted until the DS input is deasserted. 
This is an open-drain output. 

External Processor Strobe (EPS)—This signal is used by the MicroVAX CPU to coordinate eeu 
processor transactions. It is not used by the CVAX CPU. 

Reset (RESET)—The deassertion of the RESET input sntthatinee the SSC to its powerup state. It 
must be asserted during battery backup mode (i.e., during a power loss) or when there is a 
transition on a power supply output. When asserted, the DAL< 31:00 >, RDY, ERR, and the CS2 
lines are forced to a high-impedance state. All other outputs are dessscsted. 


Cycle Status (CS < 2:0 >)—These lines and the WR line provide status and control citandathn for | 


the current bus cycle. The CS <2:0> line information is latched when the AS line is asserted. 


In a CVAX CPU system, the CS <2:0> lines connect to and are time-multiplexed with the Cycle 
Status/Data Parity lines (CS/DP<2:0>). The SSC ignores the DAL line parity and latches the 
CS <2:0> lines information at the assertion of the AS input. 


Table 3 lists the bus cycle selected during a CPU read or write cycle, an interrupt acknowledge cycle, 


ora CVAX EP read « or write eles 
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Table 3 . MicroVAX 78332 Bus Cycle Control Selection essa eatin EP cyele)* 











Write | Conteul Line Bus Cycle Type 

WR CS2 CS1 CSO 

H L Sere Lr crc. (READ 
H L kd i . CVAX EP register read 
H L H H interrupt eal 
H H U8? ol a stream read” 

H | H. i He oc | read, es 

H H Hos Bs pad “HG Pony 
eee ae 

L L J i CVAX EP register write 
Dinas ee ee ah My ch tt aes Ee at 

: as : - : : ee cific piel 3 


*AS=L and EPS=H. The CS<2:0> combinations not listed are reserved. 


During a MicroVAX EP. transaction involving the SSC, the Co? line is not used except during an EP 
Read Response cycle where CS2 is pulled low by t the SSC. - Table 4 shows the bus cycle selected 
during a WicrovaX! EP — or write hai | : 


Table 4 = MicroVAX 78332 Bus Cycle Control Selection n (MicroVAX EP cyele)* 


Write ControlLines Bup Or, Tree 
WR CS2 CS1 CSO 

H x H H read response 

L D4 L H- write data 

L x Wo A write command? 


*AS=H and EPS=L. The CS <2:0> combinations not listed iy reserved. 

'H = high level, L=low level, X=high or lowlevel eas | 

*During an EP write command cycle, DAL31 indicates that the transaction that follows is a , read (H (H) 
orawrite(L). | ba | , 

*Precharged high (H) and asserted low pe ity response, “4 

CPU Halt (CPUHALT)—This signal j is asserted for at least ae os ‘Goninally 800 

nanoseconds) when a halt request is detected by the SSC. It connects to the HALT ene of ine 

CPU; . 


Halt In (HALTIN)—This is a level-sensitive input that receives halt requests from ecietial lonic | 
When appropriate, these requests are passed to the CPU through the CPUHALT output. | 





Secure Console (SECCON)—When this input is connected to. ground, breaks received. by the 
Console Terminal UART are prevented from asserting CPUHALT. | 
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Run (RUN)—This output is asserted when the halt conditions are enabled and is deasserted when 
the halt conditions are disabled. During the first microsecond after the RESET i input is deasserted, 
the RUN signal will oscillate at approximately 10 MHz (for test a and then operate 
normally. 

Interrupt Request (RO <n>)—This open- drain output requests. an interrupt from the CPU on 
one of the four CPU IRQ lines. The interrupt priority level is defined by bits <25:24> of the SSC 
Configuration register and must reeene to > the IRQ level to which the IRO<n> output is 
connected. 
Interrupt Acknowledge Enable Out ({AKEO)—The SSC asserts this output when it receives 
interrupt acknowledge cycle that it has not requested. This output is not asserted if an SSC 
interrupt is pending and the IPL is the same as defined by bits <25:24> of the SSC Configuration 
register. The SSC deasserts the IAKEO output when the CPU deasserts the DS signal. 

I/O Reset (IORESET)—The SSC asserts this output when a write cycle to Internal Processor 
Register 55 is a request for a bus reset. 


ROM Select 

ROM Enable (ROMEN)—The assertion of this output by the SSC enables the ROM bank to be 
read. It connects to the Chip Enable inputs of the ROM(s). - : 

ROM Address (ROMADR < 1:0>)—When using an external wordwide ROM, the ROMADR1 
output connects to the AO input on the ROM. When using an external byte-wide ROM, the 
ROMADR1 and ROMADRO outputs connect to Al and AO inputs, respectively, ontheROM. | 
ROM Width (ROMWID <1:0>)—These outputs select the width of the boot ROM and the DAL 
that connect to the ROM. It also selects a pip nped anc: state for all SSC I/O ourputs: The 
selections are listed i in Table 5 : 


Table 5 + MicroVAX 78332 Boot ROM Width Selection 


ROMWID | Width Lines 

H H 32. DAL<31:00> 

H L 16 DAL< 15:00> 

Ei H 8 ~ DAL<07:00> 

Le, L high impedance (all SSC 1/0 and output lines) 


The ROMWID outputs that are to remain a high level connect to Vpp through resistors. When both 
pins are e Conneed to ground, as SSC I/O and obese ants are a itipedlities. 


Serial Data 

Console Terminal Data In cpa es input provitles sits peace data to the bauer 
terminal receiver of the SSC. | i hes yt fee, 
Console Terminal Data Out (CTDO)—This i ganar serial Character daka fener the console 
terminal transmitter of the SSC. ) 


Console Storage UART Data In (CSDI)—This input se cout Siesta ae to the Console 
Storage UART receiver of the SSC. 
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Console Storage UART Data Out (CSO) This output provides serial character data’ from ibe 
COnsow rags U ART transmitter of the SSC. | 


Miscellaneous Signals 
Address Decoder Strobes (ADS < 1:0 > )—These outputs provide coke detec to pepetie) fet 
when predefined addresses are detected by the SSC. 


Output Port (OPT<3:0> )—These ¢ outputs! fronthe Outor 


Jutput Port'tegister can be used to control 
LED indicators or other devices. — waisienst GO RO 





Clock Signals AOD gest gant 

Clock Output (INTCLKO)—This output is Pee by t the 100-H Interval Timer of thalg SSC. it 
normally connects to the INTTIM input on the CPU'in'ordef to generate Interval Clock interrupts. 
The first assertion of this signal is appa) © 8. 2 2 milliseconds after the deassertion of the 
RESET signal. PLEVIC WOOTTH . 


Clock In (CLKI)—This high frequency TTL input (oomiialy' 40: MHz) provides the basic clock 
timing to the SSC. In the transition to normal operation, ‘the RESET input should not be 
deasserted until CLKI is within specification. 


Timebase 40 MHz (TB40M)—This input is d driven. ae an seal 40-MHz TTL Bedllece ee 
provides the timebase for the baud-rate generators ‘in’ the UARB; ‘the Programmable Bus Timeout 
logic, the 100-Hz Interval Timer, and the programmable: timérs. If the TB25K input is connected to 
ground, this oscillator will also: Rene boned timeBase' ies the't ‘tint Ref year clock: when the ices 
power is supplied. ceblic pbcitle ae Chaba 


Timebase 25.6 KHz (1B25K)-n.When driven. oe an.. oo] 25. 6-KHz ‘oscillator, this input 
supplies the timebase for the Time-of-Year (TOY) ,clock..'To, maintain the TOY clock when system 
power is removed, this oscillator should be supplied power from, battery backup unit. When this 
input is connected to ground, the TOY clock juses the. TB40M signal as its timebase while-system 
power is supplied. This input requires a CMOS level and must not be switched between the 
oscillator and ground while the SSC is running. He 


SLi L& hy 
ee ae 





Power and Ground 
Battery Low (BLO)—If this input is asserted while the RESET i ses is asserted, the BLO oo. shed 
the SSC Configuration Register is set. It can'be cleared or ly by the user. If the BLO biti is set saa 


the SSC is reset, the time-of-year clock is cleared. 0) pot 





Voltage (V,,,)— These inputs provide continuous dc power’ to: tHe internal circuits of Hes Sty 
When the RESET input is asserted, a lower voltage and current is supplied so that the RAM will 
hold its state and the time-of-year clock will continue. to. OBerafe. The RESET input must, be 
asserted when the voltage on these inputs is transitioning. . 


Voltage (V,»x)—These inputs provide de power to the. sdeavatis of the SSC. The RESET input 
must be asserted when the voltage on these i inputs is transitioned. 


Internal Ground (V,,)— These input pins provide the gre 





: round reference to the SSC. 





Registers 


The SSC contains ten VAX Internal Processor ae (IPR) — may be addressed either by d their 
IPR number (through MTPR or MFPR instructions) or by their I/O space address. All SSE register 
accesses are 32-bits wide and longword aligned. The SSC registers are contained in a relocatable 2- 
KB block of I/O space except for the Base Address register (BA) which has a fixed I/O space address 
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of 20140000. Storage element locations are defined as offsets from the value contained in the BS 
register. The notation “BA + <offset >” denotes the address of the storage elements. : 





The SSC registers are listed in Table 6. The offsets are shown in hexadecimal notation nand the IPR 
bumnbers.! in decimal notation. : 


Offset 


000-003 
004-00F 
010-013. 
014-01F 
020-023 
024-02F 
030-033 


034-06B 


06C-06F 


070-073 
074-077 
078-07B 
07C-07F 


080-083 
084-087 
088-08B. 
O8C-08F 


090-0DB 
0DC-ODF 


0E0-0EF 
OFO-0F3 
OF4-0F7 
OF8-0FB 
OFC-OFF 


100-103 © 
104-107 
108-10B 


110-113 
114-117 
118-11B 
11C-11F 


120-1FF' 


Table 6 « MicroVAX 78332 Internal Register Offset and Number... 


IPR Register 


Base Address (BA) 
Reserved 


SSC Configuration: 
_ Reserved 


Bus Timeout Control 


Reserved 
- Output Port | 


Reserved 


; Time- of- Year (TOY) 


- Console Storage Receiver Status (C SRS) i 


Console Storage Receiver Data (CSRD) 
Console Storage Transmitter Status (CSTS) 
Console Storage Transmitter Data (CSDB) 


Console Receiver Control/Status (RXCS) © 


- Console Receiver Data Buffet (RXDB) © | 
Console Transmitter Control/Status (TXCS) 


Console Transmitter Data a Butter OeeF) 
Reserved | | 


I/O System Reset (IORESET) 
Reserved 


~ Rom Data* » 
~ Bus Timeout Counter" 


Interval Timer* 


Reserved. 


‘Timer 0 Control 
Timer 0 Interval 


Timer 0 Next Interval 


wt 20 Thmer 0 interrupt ecard i 


Timer 1 Control 


~ Timer 1 Interval 


Timer 1 Next Interval 
Timer 1 Interrupt Vector 


~ Reserved | 
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130-133 Rees Decode Channel 0 Match 





134-137 — ~ Address Decode Channel 0 Mask 
138-13F  — Reserved | 

140-143 — Address Decode Channel 1 Match 
1444-147 0 — Address Decode Channel 1 Mask — 
1448-3FF = — Rene 

400-7FF  — Internal RAM _ 


*These registers a are used for test purposes and should not be accessed by the user. 

The hardware updates the register bits. in response to events within the SSC. ‘The register 

information that is accessible by the user is ; defined : as follows. 

RW Read/Write—Can be read or written by the user. The hardware can ai the value of 
the bit only when the RESET input is asserted... cA 

RW’ —Read/Write’—Can be cleared by the ae at an e. W Writing to these bit by the 

user is ignored if cleared by the hardware alas same C tt 


RO Read Only—Can be read only by the user. Only the har 
bit. Writing to these bits by the user is ignored. — 








rdware can change the value of the 


WwO Write Only—Can be written only by the user and is ead as a zero. 


WC Write 1 to Clear—Can be read by the user. The hardware can change the value of these 
bits. If not being so he the ee the user can clear these bits a writing a 1 to 
~ them. © eT 


MBZ Must Be re alews ca as Zero. o. Writing t to shes bits is rater 


Base Address Register ahh § 

The Base Address (BA) register contains the bina icies wh ae staceable 2. KB bide of I/O space 
in which the SSC internal RAM and 29 control/status registers are located. The software writes the 
base address of this block. The SSC RAM and registers are then addressed by adding the offset 
value to the value in the BA register. When the RESET input is asserted, this register is set to the 
default value of 20140000. With this value, the BA register is located within the 2-KB block of 
relocatable I/O space assigned to the SSG. The register format is shown in Figure 3and the function 
of the bits is described i in Table d. : 





31302928 ee ee ie 0 





Eee READ/WRITE rary 
Figure 3 « MicroVAX 78332 Base Address Register Format 
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Table 7 = MicroVAX 78332 Base Address Register Description ‘ 





Bit Function Y! 

31:30 MBZ (Must be zero) 

29 Set to a one | 

28:11 | Base Address—The base addtess of the relocatable 2- KB block of I/O space. | 
10:00 MBZ (Must be zero) 

Configuration Register 


This register contains the setup information that ene the fancon’ of SSC. The register format | 
is shown in Figure 4 and Table 8 defines the function of the bits. 


31 30 eBay Seep a ese. 201918 161514 121110 cal alc 


‘ LP PIPL. -} ROM |M{F CT. JM} AUX BLADE mE Bleue : 
 MBz v| 8 LVLIs SIZE |B PROT. . BAUD : BAUD 
Z|SEL IP. See Z P| SEL LSE. A e ae ale | EMA 


RW 
Figure 4» MicroVAX 7 8332 beat oe ok | 


















Yaa: 


Tuble 8. MicroVAX 18332 Configuration Regi whit tole 





Bit Description 
31 BLO (Battery Low)—Set if the BLO input is asserted when the RESET input is asserted: 


and when the Vpp; inputs are grounded. The BLO bit can be cleared only by thet user. If the 
“BLO bit i is set when seni SSC is reset, the time- of- bau oe is ce | 


30:28 | MBZ (Must be zero) — 


27 ©. IVD (Interrupt Vector Disable)—When set, Ge SSC does not product interrupt vectors or 
assert the RDY output in response to an interrupt acknowledge oe The RESET oe 
clears this bit. : 


26 MBZ (Must be zero) 


25:24 IPLLVLSEL (Interrupt Priority Level Select)—These bits specify the IPL level to which 
the SSC level responds during an interrupt acknowledge cycle. These bits are set to the 
value that corresponds to the IRQ<n> line of the MicroVAX or CVAX CPU to which the 
SSC line is connected. For example, if the SSC IRQ<n> output is connected to the CPU 
IRQ2 line, bits 25:24 must be set to 10. The encodings are as follows 


Bits IPL Level IRQ Line  _—~Priority 

ee sp ee. ego i ne we 

0 0 14 IRQO lowest (default) 
0 1 15 IROQI 

1 0 16 IRQ2 

1 1 17 IRQ3 highest 
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22:20 


X 78332 





Description 


RSP (ROM. Speed) —This bit selects the ROM a access ‘time. The RESET faput Gears this 


bit. The ROM access times are 


Bit 23 =0: 350 ns (default) 


Bit 23=1: 250 ns 


ROM SIZE SEL (ROM Size Selec) That bits specify the extent of the ROM address 
space. The RESET input clears these bits. The: default ROM: size is 8 KB. The encodings 


are defined below. 
Bits ROM Address Space ___ ROM Size (KB) 
22 21 20 sale | : 
0 0 0 20040000- 20041FFF Ve PR (detail, 
0 0 1 20040000-20043FFF «16. 
0 1 0 20040000-20047FFF 32 
0 1 1 20040000-2004FFFF — A, 
1 0 0 20040000-2005FFFF 12878 2 
1 0 1. 20040000-2007FFFF ss 256. 
1 1 0  20040000-200BFFFF  =—s_—o512,—™- 
. eo ee nia me 20040000- 2013FFFF 1024 | 
MBZ (Must be zero). | ev LS 


19 
18:16 


1: 


HALT PROT SPACE (Halt protect space) —Seletis ; the halt-protected address space. The 





RESET input clears these bits. The lowest 8 KB of ROM space is halt-protected by default. 
The halt-protected address space may be large than the ROM address space. The 
encodings are 


Bits Halt-protected Halt-protected 
18 17 16 ROM Address Space  —— Extent( 
0 0 0 20040000-20041 FFF. 8 (default) — 
0 0 1 20040000-20043FFF 16. 
0 1 0 20040000-20047FFF 32 
0 1 1 20040000-2004FFFF =s—iH 
0 Qi gn): 004000@-2005FFFF, 4.40) 128.0 
Lot gn os 20040000- 2007FFFF ss: 256. 
ea he B0h 20040000-200BFFFF dere DMA 
1 1 1 None ae | None 


: CTP (Control P Enable)CTRUP i is amiga asa bcak in the ce terminal UART 


if this bit is set. When this bit is cleared, 20 consecutive space bits are recognized as a 
break. This bit is cleared by the RESET input. 
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Bit 
14:12: 


0 
0 
0 
i 
1 
1 
1 


11 
10:08 


07 
06 


05:04 | 


03 
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Description 


CT BAUD SEL (Console terminal baud select)—Selects the baud rate of the console 


terminal UART. These bits are cleared by the RESET input. The default baud rate is 300. 
The boot code should write the proper value into the register before the first console 
access. The SSC baud clock runs about 1.75 percent faster. The bit baud r rates available are 


Bits | Baud Rate _ 
14 2B 12 cae. (default) 
0 1 600 
1.0. ~~ 1200 
a “i 2400 
0 0 4800 
0 Gi 9600 
1 0 9.2K 
1 1 384K 
MBZ (Must be zero) 


AUX BAUD SEL (Auxiliary baud Wey Sd the baud rate of the coteole storage 
UART. These bits are cleared by the RESET input. The default baud rate is 300. The boot 
code should write the proper value into the register before the first ee access. The 
SSC baud clock runs about 1.75 percent faster. The baud rates available are. 


Bit =  ~—__s Baud Rate 
10 09 08 — (default) 
0 Lit, > 7600.. 
1 0 1200 
1 1. 2400 
0 0. 4800 
0 1 9600 — 
ie 0 9.2K" 
1 1 38.4K 
MBZ (Must be zero) 


RDE (Ready Enable)—When set, the =, output of Programmable Address Strobe 
Channel 1 is asserted eight SSC microcycles (nominally 800 nanoseconds) after the 
corresponding address strobe. When RDE is cleared, the SSC takes no action after 
asserting the address strobe. This bit is cleared by the RESET input. 


ENA (Enable) —These bits enable the read and write ‘channels of Address Strobe 
Channel 1 as follows: 


ENA | Read | - Write 

05 04 

0 0 disabled disabled (default) 
0 1 disabled enabled 

1 0 enabled disabled 

1 1 enabled enabled 

MBZ (Must be zero) 
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Bit Description 


02; 3.,., RDE (Ready Enable) —When set, the RDY output of the Programmable Address Strobe 
~ Channel 0 is asserted eight microcycles (nominally 800 nanosecondss) after the corres- 
ae ponding address, strobe. When RDE is cleared, the SSC takes no action after apgerting the 

address strobe. This bit is cleared by the RESET input. | taxi 


01:00 ENA (Enable)—These bits enable the read and write channels of Address Strobe 
Channel 0 as follows: 


J Bits. ec evsart Reads 5°: js iaite HK 
OES: 0 disabled = disabled # (deta: 
0 it disabled enabled 
1 0 enabled disabled 
1 1 


__ enabled enabled 


Bus Timeout Control Register __ . | x 

The SSC monitors the assertion and deaseertion of the BS input to ) prevent ‘disabling the system 
operation resulting from'unanswered CPU read or write accesses, CVAX EP read or write accesses, 
or interrupt acknowledge cycles. The bus timeout is controlled by the Bus Timeout Control register 
that stores the required timeout interval. Each time the AS input is asserted, the SSC clears and 
starts an internal counter. When the AS input is deasserted, the counter is stopped. If the counter 
value becomes the same as the value in the Bus Timeout Control register, the counter is stopped, 
the ERR output is asserted, and the BIO bit 31 in this register is set. This indicates that the bus 
cycle should be aborted. The ERR output is deasserted when the DS input is‘deasserted. If the 
timed-out transaction is a CPU Read or CPU Write™ transaction, the RWT bit 30 is also set. This 
register is cleared by the RESET ves The dias aba is s shown in in Figure 5 and Table 9 defines 
the funetion of the ria A saphie aecy 
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as BUS TIMEOUT INTERVAL oo eee 


: ~ READAWRITE_, 


Figure 5 = MicroVAX 78332 Bus Timeout Control Register Format 


“Table 9 + MicroVAX 78332 Bu ; Timeout Register Description 





Bits Description 


31 BTO (Bus Timeout)— When set, this bit indicates that a bus timeout has occurred during 
a transaction. 


30 RWT (Read or Write Transaction)—When set, this, bit indicates that.a bus timeout bas 
occurred during a CPU read or rCRU write transaction. 


29:24" MBZ (Must be zero) 
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Bits Description RH 


23:00 Bus Timeout Tnteevsl-=c'These bite apeally the timeout Weeriad’ The available range of 1 to 

~-'- FFFFFF (hexadecimal). corresponds to a selectable timeout interval in the range of 1 

~ microsecond to 16.77 seconds in 1 microsecond i increments. oe a zero to this field 
disables the bus timeout function. 


4-Bit oui Port sedate 

The 4-bit Output Port register provides four data outputs OPT <3:0> a can be used to control 
LED indicators or similar devices. The data value in this register continually drives the outputs. 
This register is cleared during the powerup aeqence: Figure 6 shows the register format and Table 
10 lists the bit functions. 





| : Figure 6» MicroVAX 7 8332 Output Port Register Format 


‘Table 10- MicroVAX 78332 Output Port Resin Description | 


Bits - Description | 





31:04 | as : -MBZ (Must be zero) _ ; . | 
03:00 Data—The register aoe ald hat] is eontiually seven on he OPT < 3: oS 





output. Bit 03 corresponds to the OPT3 output and bit 1 to the OPTI output. 


Time-of-Year Register __ 

The Time-of-Year (TOY) clock j is ‘controlled by the Time-of- Year repister that jn be addressed 
either as IPR #27 or by.a CPU read and write transaction. Refer-to the Functional Operation section 
for detailed time-of-year clock information. Figure 7 shows the register format. 





Figure 7 « Time-of- Year Register Format 


' 


Console Terminal and Console Storage UARTS Beth eng atl , 
The SSC contains a console storage UART ‘and acorisole reerhiical UART. shine operate similarly to 
Digital’s DC319 DLART. Each UART contains four internal processor registers. The IPR numbers 
assigned to each register are listed in Tables 11 and 12. 
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se ieetaiat tee “Table 11 “MicroVAX 78332 Console Storey UART T Registers ve 
IPR Number — 3 Regiiter’ 





‘ane : ~ Console Storage Receiver Status (CSRS) - 

29 ~~——~—~—-—s Console Storage Receiver Data(CSRD) ; ce 
300 Console Storage Transmitter Status (CSTS). 
31 Console Storage Transmitter Data (CSTD) 


c Table 12 + MicroVAX 78332 Console Terminal UART Regi 






IPR Number 


32 Cab Receiver ooinct Telus RXC 5 
33 _ Console Receiver Data Buffer | (RXDB) | 


34 ~~ Console Transmitter Control/Status (TXcs) | . 
35 Console Transmitter Data Buffer (TXDB) 


These registers are typically accessed by cuteenal: processor register protocols, but may: also be 
accessed by CPU read’ anid’ write transactions. ‘On inily'8: : bit data and | single stop bit oe without 
parity are supported. ee 
The selectable baud rates are 300, 600, 1200, 2400, 4800, 9600, 19.2 K, nd 38. 4 K. Baad rate 
selection is achieved by writing to the SSC Configuration register. Framing and overrun errors are 
indicated by the setting of error bits in the receiver data tegisters‘CSRD and RXDB. 


The Console Storage UART and ene ‘Terminal | UART are similar The differences are © noted in 
the register descriptions that follow. _., + | 











Receiver Registers—Each UART has a: Sarees Gsaticvek arekSigt us: eee ‘CSRS acl RXCS) me 
a Receiver Data Buffer (CSRD and RXDB) register. These registers are cleared by the RESET signal. 

Figure 8 shows the format of the CSRD and RXCS registers and ‘Table. 13 describes the function of 
the bits: Figure 9 shows the format of the CSRS and RXCS 1 registers and Table 14 lists the function 
of the bits. 





. ne Sere eee 98070805. a ee 





+ Control and Status (CSRS/RXCS) Registers Format 





Figure 8 » MicroVAX 78332 Receiv or C 





Eble 13 . MicroVAX oS Reteiver Co stent aad ye 





gister Description 





Bits | Description _ ae ‘ i a anae ae : : 
31:08 MBZ (Must be aro | | * 
07 DON (Done)—Set when a UCB ENS is pebniees Cleared Ls the RXDB j is ne 
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05:00 





Preliminary 


Description. . 


JE (Interrupt ae be set or cleared by writing t to the RXCS ot CSRS oopistets 


An interrupt is generated whenever IE and DON transitions to a one state. Interrupt 
requests are cleared when the corresponding interrupt request is acknowledged or by 
clearing the IE or DON bits. | 


MBZ (Must be zero) 


<1 RE ae 1615141312110 0807 00 





Figure 9 « MicroVAX 78332 Receiver Data Buffer ( CSR D/RX DB ) Register Format 





“Table 14: MicroVAX 78332 Receiver Data Buffer (CSRD/RXDB) Regie Description 


Bits 
SL 16 7 
15 


14 


Description 
““MBZ (Must be zero) 


ERR (Error)—Set if ORE bit 4 or FRE Bit i: are set. rotheses error bits are eae when 
data is loaded into the register and cleared when the RXDB or CSRD registers are read. 


ORE (Overrun error) —The receiver is double buffered: If both buffers até full whe data 


_is received, the assembly register is overwritten and this bit is set when the overwriting 
| character i is loaded i into RXDB or CSRD register ‘When set, the ERR bit 15:as also set. 





11 


10:08 
‘07:00 


| FRE (Framing error)—Set if a framing error occurs. When set, the ERR bit 15 j is also set. 


MBZ (Must be zero) 


RBR Received Break—Set if the receiver detects a break condition. Cleared by reading 
the RXDB or CSRD registers. The RXDB register recognizes either 20 consecutively 
received space bits or a CTRL/P character as a break condition as specified the CTP bit 15 
of the SSC Configuration Register. The CSRD register only recognizes 20 space bits as a 
break condition. If the break was the result of 20 space bits, the FRE bit 13 is also set. 
Breaks received by the Console Terminal UART may halt the CPU. However, breaks 
received by the Console Storage UART will not halt the CPU. 


MBZ (Must be zero) 


Data—Contains the received data. 


Transmitter, Registers—Each UART has.a Transmitter Control.and: Status’ ‘régister (CSTS and 
TXCS) and a Transmitter Data Buffer register (CSTD and TXDB). The data to be sent out is written. 
into bits 07:00 of the CSTD or TXDB registers which are cleared by the RESET input. The format. 
of the of the CSTS and TXCS registers is shown in Figure 10 and Table 15 defines the function of 
the bits. Figure 11 shows the format of the CSTD and TXDB registers and ‘Table 16 defines the 
function of the bits. | 
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Bits ‘Description — Te aaa 
31:08, MBZ (Must be HEI) et We eee ey SATA Gan © piel wa lonined dent 
07 ~~ (RDY) Ready—Set byt the | 








hardware when the transmitter data buffer (CSTD and TXDE 
registers are available to accept data ‘or' when’ the RESET signal i is dbsaucrted Writing a 
character to the CSTD or | 'XDB register’ causes the UART to send the character and to 








clear this bit until the character is transferred to the serialization buffer. This bit is set poe 
the RESET input. 


06 IE (Interrupt enable)——Set by the seeviare. Cleareit by the RESET input, when the 
corresponding interrupt request is acknowledged, or when this bit or the RDY bit 07 is 
cleared. An i interrupt is generated when IE and RDY transition toa 1 





05:03 MBZ (Must be zero) 


02 LPB ( Sopback) Spang | i bite connects ‘the transmitter pera outpit to the receiver 
serial input. Also sets the external ceria sa to MARK. es bit i is cleared by the 
RESET input. ceed rank vEA epee 


01 MBZ (Must be zero) 





00 XBR (Transmit break) —Set when the UART sets serial output line to the space condition 
when it has finished transmitting the current chateriet casating vs pit terminates the 
break. This bit is cleared duel RESET i FAAP. ripest _ 





Bloor? atl neckeoweDeotey saab sir geoIet <Ioe Lomo! ES 





Figure 11 « MicroVAX 78332 Transmitter Data Buffer (CSTD/TXDB) Registers Format 





Table 16 « MicroVAX 78332 Transmitter Data Buffer  (CSTD/TXDB) R Re gisters Description 


Bits Description — 





31: 08 _MBZ (Must be zero) 





07:00 area to be transmitted. 





I/O System Reset Register 
Writing to the I/O System, Reset register (IPR #55) relgests a bus reset. ‘The SSC responds by 
asserting the TORESET output. 


Programmable Timer Registers 

The SSC includes general purpose programmable timers 0 and 1'that are similar to the VAX Interval 
Clock. Each programmable timer consists of four I/O space registers: the Timer Control register, 
the Timer Interval register, the Timer Next Interval register, and the Timer Interrupt Vector 
register. A timer is programmed by loading the negative (two’s complement) of the desired interval 
value into the Timer Next Interval Count ‘register. The timer is: started by writing a‘ 51 
(hexadecimal) into the Timer Control register. An interrupt will then occur every interval count or 
microsecond. | 


Timer Control Registers 0 and 1—The configuration of ge Timer Control register is shown in 
Figure 12 and Table 17 defines the function of the bits in the register. Control bit 02 (STP) has been 
added to the configuration of the standard VAX register to stop the timer when an overflow occurs. 
The overflow condition causes an interrupt request on an TRQ<n> line at the user-selected IPL 
level. The interrupt vector is also user programmable. These registers are Sees by the RESET 
input. a2 


31 30 ; erie? (Poovap 08070605 0403020100: 
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‘Figure 12 MicroVAX 78332 Timer Control Registers (0 and 1) Format 


Table 17 « MicroVAX 78332 Timer Control Registers (0 and 1) Description — 


Bit Description 
31 ERR (Error)—Set to indicate a missed hic when the Timer Interval register 


overflows and the INT bit 07 is set. 
30:08 | MBZ (Must be zero) 


07 INT (Interrupt)—Set when the Timer Interval register overflows. If the IE bit 06 is set 
when the INT bit is set, an interrupt request is posted. 
06 IE (Interrupt enable)—Set or cleared by the software to indicate that an interrupt request 
should be posted when the INT bit 07 is set. . 
05 SGL (Single) When the RUN bit 00 is cleared, writing a 1 to this bit causes the Timer 
Interval register to be incremented by a value of 1. When the Timer Interval Count (ICR) 
overflows because of the assertion of SGL, STP is ignored and the counter is reloaded. 


_ When the RUN bit 00 or XFR bit 04 are set, write Operon: to the SGL L bit are ignored. 
This bit is always read as a zero. 


1-142. Confidential and Proprietary 


DIMVIHUMUMUMAjM MURR MMMM MM TM I MM NR aT TNT TET eT eID 





04 7 “XER (Transfer) Writing a one to ah bit causes the Timer Next head a to be 
copied to the Timer Interval register. This bit is always read as a zero. 


03 MBZ (Must be zero) 


02 STP (Stop) —This bit determines whether the timer stops after it overflows. When this bit 
is set, the RUN bit 00 is set, and the Timer Interval tegister srertloys, the RUN bit is 
cleared and the counting stops. fc Ee nt 





00 RUN—When this bit is ‘set, the Timer Interval tegister is “incremented once per 
microsecond. The INT bit 07 is set when the timer overflows. qf ae STP biti is set when 
the timer overflows, the RUN bit is: cleared’ by the hardware. © yay 





Timer Interval Count Registers (0 and 1)—These registers contain the interval count value. Figure 
13 shows the format of the register information. 





TIMER INTERVAL REGISTER. ‘aia ees 


zs READONLY ~ 
_ Figure 13 » MicroVAX 78332 Timer Interval Count Registers (0 ‘and 1 ) Fatmat 


Timer Next Interval Count Regiders © and 1)—These registers contain 1 the value, that i is loaded 
into the Timer Interval Count registers after. an overflow has occurred or in response to writing a 1 
to set XFR (bit 04) of the Timer Control register, This au is cleared by, the RESET input. The 
format for the register information i is shown’ in Figure 14. 





© TIMER NEXT INTERVAL REGISTER 


READ/WRITE 


Figure 14 « MicroVAX 78332 Timer Next Interval Count Registers (0 and 1) Format 


Wve akeges vig 


Timer Interrupt Vector Registers (0 and 1)—These registers store the interrupt vector value to be 
transferred to the CPU. An interrupt request is posted when the IE bit 06 and INT bit 07 are 
transitioned to a 1. When the SSC detects an interrupt acknowledge cycle and one of the timers is 
set to the highest internal priority requesting an interrupt, the interrupt vector for that timer is 


Confidential and Proprietary 1-143 





‘transferred to the DAL. The corresponding interrupt request is then cleared. Interrupt: requests can 

also be cleared by clearing the IE or the INT bits. Timer 0 has the higher priority. The Interrupt 
Vector registers are cleared by the RESET input. The format of the Timer annette Vector register 
is shown i in n Figure, B., Table 18 defines the register bits. | : 


2a ae St Pas aa vt . : 1009 ( oe 020100 





INTERRUPT VECTOR DR IMB | 


a 


- Figure 15 ; MicroVAX / 8332 Timer Interrupt Vector Registers (0 and 1) Format 


Table 18 « MicroVAX 78332 Timer Interrupt Vector Registers (0 and 1) Description 


Bit Description 

31:10 MBZ (Must be zero) se ieoe haute | 

09:02 Interrupt Vector—The interrupt vector address to be transferred to the CPU. 
01:00 | MBZ (Must be zero) 

Decode Channels 


The Programmable address decoders are used to decode the address on the DAL to select channel 0 
or 1. Each channel consist of an address decode channel Mask and Match register. When the AS 
input is asserted and the bus cycle is a CPU read or write transaction, the address « on the DAL is 
compared to all the bits of the Match register for which the corresponding Mask t register bit is zero. 

If the comparison is successful, the corresponding output strobe is asserted. The ADSO output to 
the external logic is asserted to select Channel 0 and the ADS1 is asserted to select Channel 1. Bits 
06:04 of the SSC Configuration register control the operation of the programmable address 
decoder for Channel 1 and bits 02:00 control the operation of Channel 0. When the RESET input 
is asserted, both output strobes are disabled and the Match and Mask registers are cleared. 


Figure 16 shows the format of the Address Decode 0 and 1 Match registers and the register bits are 
defined in Table 19. Figure 17 shows the format of the Address Decode 0 and 1 Mask registers and 
the register bits are defined in Table 20. 


31 3029 020100 





| READ/WRITE > 


1 Figute 16 MicroVAX 7 8332 Adda Decode Channel ( 0 and 1) Match Registers Format ) ae 
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Table 19: . MieroVAX 78332 Address Decode Channel (¢ (0 laid 1) Match Registers Description 


Bit Description 





31:30 = MBZ (Must be zero) 














shade MBZ (Must be zero) a 
“313029 eet egg re VERRAN EIS OUAN 8 pes 
coke MASK REGISTER - : 
READIWRITE 
Figure 17 « MicroVAX 78332 Address Decode Channel (0 and 1) Mask Register F 


Table 20 = MictoVAX 78332 Address Decode Channel (0 and 1) Mask Registers Description 


Bit Description 








31:30 MBZ (Must be zero) 

29:02 MASK—Each of the 7" that is to correspond to an address bit of the Match 
register is cleared. The remaining bits are set. 

01:00 MBZ (Must be zero) 

Test Registers 


The ROM Data register (BA+0F FO), Bus Timeout Counter (BA+ OF4) and the Interval Timer 
(BA + OF 8) registers are used for test purposes during oe and should not be accessed by 
the user. The results of such accesses are vunprec ictable’ 





Functional Description 


The SSC interfaces directly to the MicrovAX bus as. shown. in: Pais 18. It contains two 
programmable address decoders that can be used to control external device operation and two 
serial line UARTS for a console and auxiliary device. It includes an internal RAM and provides 
support for an external ROM. The TAKEO output provides interrupt acknowledge support for 
other interfaces on the bus. 


Confidential and‘Proprietary 1-145 


_ ston enotneeanceennnninnirapnebtuibenmenantlos 









MicroVAX 
OR CVAX 
CPU : 


SYSTEM SUPPORT CHIP 






(SSC). 


IAKEO SERIAL OSCILLATORS 
LINES AND CLOCK 


Figure 18 = MicroVAX 78332 CPU to SSC Interface System Configuration 


I/O Space Assignments 


The SSC operates with the fixed 0 space aa oui 0 s space eet in “Figure 19. The 
address assignments for the external ROM and Base Address register are within the fixed I/O space. 
The internal SSC registers and RAM are assigned to the relocatable I/O space. 


- FIXED 1/0: SPACE 


| 20040000 


1 MB 


20140000 





ul a ce orc eee OFESETS) 
RELOCATABLE I/O SPACE ae FROM (BA) _ 


SSC REGISTERS } BA+ 004 


BA + 400, 
BA + 7FF.. 





NOTE: 
BA = CONTENTS OF THE BASE ADDRESS REGISTER. 


Figure 19 = MicroVAX 78332 I/O Space Allocations 
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BA+3FF 0 





_The. ROM is controlled by an external address latch that. stores the appropriate bits» of 
DAL <29:02>. The SSC drives the ROM chip select inputs and the data lines of the ROM connect 
directly to the DAL as shown. The ROM address space begins at address 20040000. The ROM must 
‘contain at least 8 KB (default). A larger ROM size can be selected by writing to SSC Configuration 
register bits 22:20 before making a ROM access at an address greater than 8 KB. The ROMs can be 
16, 32, 64, 128, 256, 512 KB and 1 MB. The SSC responds to all CPU reads operations within the 
‘ROM ja ‘Write tiene toa pica Hue’ than: those" eappciied 3 are Lee ‘The SSC can n be 





is 250 as When i it is aise oy access time is 350 a which} is ims pean 
condition. Except for write. operations to the RAM, all accesses are 32- bits. wide, and sone 
aligned. 


The RAM and the SSC registers are located at fi fixed offsets from the Baa adatess of 2 20140000 loaded 








into the SSC Base Address register. Th :( 
storage ‘element being accessed. Bytes writes to 6 the’ Re M are he by DAL < 29: 02 > and the 





cen Cone: f ~» CFHT oe? : | | 
Because the SSC does not contain an , TAKET input it must he assigned: the highest etremngl device 
priority that responds | to interrupt acknowledge cycles at its designated interrupt | level. The 
IRO<n> output from the SSC connects to the appropriate Cru] AR <n> fine — the 
Configuration register bits <25:24> must beset to specify this level. . 


Interrupt Requests—The SSC requests an interrupt by asserting the OZ <n> output a any 
of the conditions listed in Table 21 occur if their respective Iegerape Seep ies ey set. 














Table 21 » MicrovAX 78332 Invertpe Roget Pry ad Vector Address 





a ~ pF | 
-,000000FC 













ee oe — imehiotied | a THES ; ye byes ey 





te 
2 
Doh atin So na UART Trane iitter Read "0000004. 
5 
6 





"User = progrmimable a and stored in nero Vector meg anciinn 


. The following es will I cause ths ssc Sto: o generate d an ‘omeretipe fequest..o20 ed? ioisian | 





- Console Terminal UART Receiver Recde When the TE bit 06 and the DON bit 07. ae the 
Console Terminal Receiver Control and Status register transition to a 1. 


* Console Terminal UART Transmitter Ready—When the IE bit 06 and me RDY bit | 07 of seas 





Transmit Control and Status register transition to a 1. : ea 
. Console Storage UART Receiver Ready —Wheni IE bit 06 and the DON Gs 07 rs Store 
_ Receiver Status eeister transition Ta re ps en Se Nea ae 
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« Console Storage UART ‘Transmitter Ready—When the TE bit 06 ata the RDY aa 07 oF the 


~ Console Storage Transmitter register ‘transition to a a 





. “Timer < 0:1 = ICR overflow—When the IE bit 06 and INT bit 07. of si Timer sey register 
transition toa L, . 


Interrupt Acknowledge—The SSC responds to interrupt acknowledge cycles as follows: | 


- If the interrupt acknowledge i is not at the IPL level specified by the SSC or if no internal SSC 
interrupts are pending, the SSC asserts the [AKEO output to indicate that it has no interrupts 
pending at the given IPL level. 





« If thei interrupt acknowledge i is at its IPL ey and if there is at least one internal SSC interrupt 


pending, the response of the SSC depends on the state of the IVD bit 27 of the Configuration 
register. If the IVD is cleared, the SSC places the interrupt vector of the highest priority internal 
interrupt pending onto the DAL, clears its corresponding internal interrupt pest and if no 
other internal interrupts are pending, deasserts the IRQ<n> output. iy, Mpeg: 


- IfIVDis set, the SSC clears its internal i interrupt request for the highest priority pending internal 
interrupt. If there are no other internal interrupts are pending, i it deasserts the IRQ <n> output. 


: The deassertion of the DS das causes the deassertion of the: ze ee 


Break Detect/Transmit Logic 
The Console Terminal and Console Storage UARTS include break detection and transmit logic. The 
UART registers are described in Register section. 


Break Detect—The Console Terminal UART recognizes sie 20 consecutively sedeived space bits 
(default) or a CTRL/P command received as a break condition, as determined by the CTP bit 15 of 
the Configuration register. The break generates a CPU halt operation if the halts are enabled and 
the console i is not secured. The Console Storage UART recognizes only 20 consecutively received 
space bits as a break condition. A break received by the Console Storage UART cannot generate a 
CPU halt. If either UART detects a valid break condition, The RBR bit 11 of the RXDB or CSRD 
registers are set. If the break was the result of 20 consecutively received space bits, the FRE bit 13 is 
also set. The RBR is cleared by reading the RXDB or CSRD sees and can be set Loa bya break 
condition received by the UART. 


Break ine eveaH aeh the XBR bit 00 of the TXCS or CSTS registers. causes 3s the UART to set “~ 
react to a change i in the state of XBR bit until it has finished transmitting the, current. character. 
When the XBR bit is set, the transmitter operates normally but the output line remains low. 
Therefore, the user can send dummy characters in order to time the break. After clearing the XBR 
bit, the user can provide a an extended MARK character by allowing the transmitter to idle for the 
desired period) = 


: 5 gk F t ' ; , E wane ree | gg tn % 
a 7 g iJ Boe ‘ ae ‘ + io * 4 fs we e a ie 
3 Py of * i £ 4 Wy 3 Fy “ og e 


Halt Aubin ee 

The console terminal UART can request a CPU halt ae a — ale eal is ee if the 
SECCON input is not asserted. A CPU halt request ¢an also be generated if the FTALTIN input from 

the external logic is asserted. Either of these conditions normally results in the assertion of the 





1-148: Confidential and Proprietary 











: ALT output of the SSC that connects to the HALT input of the CPU. The halt arbitration 
logic of the SSC may conditionally prevent 'the CPU halt request as described. HALES 


“The halt. pamscah aetdiness hae of the ROM is Sette! ley bits 18: 16 of sie SSC Catetiedeation 





a cree space. “if the aie is in Lee space, shad he ( PUHALT 0 ‘output is ieabled me 
the next I-stream read transaction. If the address is not. in the halt-protected sper: then fie 


CPUHALT output is asserted, until the next I-streatr tead transaction occurs.’ 
Assertion of the HALTIN i input will assert the CPUHALT T output if the h balt condition is casted , Lf 


the HALTIN output is asserted when the halt functions are disabled and the halt is thenenabled 
the'SSC asserts CPUHALT until halts are again disabled or until the HA 















LY TN Output is deasserted. 


If a break is received by the Console Terminal UART when he halt Tequests are enabled and the 
console is not secured (SECCON deassetted), the SSC asserts the CPUHAL T output until the halt 
conditions are disabled, the console is secured, or the break condition i is eee by software. — 
~The software can execute a kernel mode HALT command to cause a CPU halt when the halts are 
“disabled. Asserting the RESET i input wil | lalso enable the halt tequests. T ae | RUN Output. is asserted 
when the halt conditions are enabled. © ne os : 

When. used with the CVAX CPU, the ssc pie not: dees Laan, rosierts that a are e-dizected to 
the CVAX CPU internal cache. When used with the MicroVAX ( PU, a copy (move) instruction to 
the halt-protected locations disables the halt Hequests until the copy transaction is complete. — 














c - ae OS Ew he 


‘Bus Support Logic | ae 

‘Each time the AS input is ‘asselibd: the SSC’ clears and’ Sarl ‘an internal counter When. AS i is 
deasserted, the counter is stopped. When the counter reaches a value equal to the value loaded into 

- the Bus Timeout Conttol register, the counter is stopped, the BTO bit 31 in this register is set, and 
the ERR RR output is asserted ‘to indicate’ that’ the bus cycle ‘shou uuld be aborted: If the’ timed-out 

“transaction was'a CPU tead or CPU write, the RWT bit 30 isé cog ilso set. t. The’ 3 RR outpat remains 


asserted until the AS input is deasserted. S00 ie ceviban a6 
The SSC includes logic to recognize an external pro ocessor (EP) write — to the 1/0 System RESET 

register (IPR #55). In Q- bus systems, this erally indicates a tequest’ for an I/O system reset. 
‘If the write operation is ‘performed by a MicroVAX EP cycle, the SSC responds by asserting 


IORESET output for two SSC microcycles (nominally 200 acgetonds) owe an Lorrie 
of the external processor write command cycle. 














If the write operation is performed by a CPU write or CVAX EP write cycle, the SSC responds by 


asserting IORE SET « ie ea for oe SSC microcycles — 800 nanoseconds) after which the 
“RDY output j is asserted, -—s. cael 


The falling edge. of the TORESET donate can aie ase to. reset tthe HHO sytem. The peTOR RESET T signal is 
deasserted when the DS input is is deasserted. | ; 





~ Realtime Clock and Interval Timer” Soe ee aa 

The Time-of-Year (TOY) clock i is an unsigned 32- bit binary counter woes least-significant bit 
-represents a resolution of 10 milliseconds. It consists of one longword register that is typically 
addressed as external processor penn IPR #27 but may also be accessed by CPU read and write 
transactions. The register counts only when it contains a nonzero value. The TOY clock:is driven 
from the TB25K input by an external 25.6-KHz oscillator. If TB25K is connected to ground, the 
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timebase for the clock is supplied by the 40-MHz oscillator at the TB40M input which also Peppa 
the timebase for the baud rate generator and the Interval and Programmable timers. | 


The counter function is maintained during powerfail:conditions by the battery-backup aply to 

the SSC and to the 25.6-KHz external oscillator. If the BLO bit 31 (Battery low) of the 

Configuration register is set, the SSC is reset and the scsi is cleared and remains cleared until a 
‘nonzero value is written by software. 2 


The Interval timer provides a 100-Hz input to shy TOY clock atk to the INTCLEKO sutbte: It can - 
= as the INTTIM input to the CPU which drives the CPU ICCS register PR #24). 


Pi arte Address Decodet 

The programmable address decoders (channel 0 and channel 1 selectively decide ae aaresies 
during CPU read and write transactions to generate address strobe signals for external devices. 
Each address decoder. consists of a Match register and Mask register which | are within the 
| relocatable I/O address space. 


When the AS input is asserted, the es on ‘DAL < 29: 02> is trol orth all the 
| corresponding bits of the Match register that have been selected. The Match register bits that are 
‘to be compared with bus address bits are selected by the Mask register. If a Mask register bit is zero, 
then the corresponding Match register bit will be used in the comparison. The remaining bits of 
the Match register that are not selected by a Mask register bit are not used in the comparison. 


When a match exists, an output strobe ADS1 (channel 1) or ADSO (channel 0) i is asserted between 
one and two SSC microcycles (nominally 100 to 200 nanoseconds) after the assertion of the AS 
input provided that the bus cycle is a CPU read or write transaction and the assertion of the strobe 
is enabled by ENA bits 05:04 for. channel 1 or bits 03:02 for channel 2 of the Configuration 
register. 


‘After the ADS1 or ADS? output. strobe is ponent the SSC can assert the RDY output eight 
microcycles (nominally 800 nanoseconds) later to permit the external device time to respond. The 
RDY output is controlled by the RDE bits in the Configuration register. The deassertion of the DS 
input causes the deassertion of the address strobe. pes a8 


The address decoders for channel 0 or 1 should be not be programmed with the RDY satel sce aatl 
if another device in the system can respond to the read or write transaction programmed into that 
channel or if the propansned address i is located within the SSC ROM, RAM, or I/O register address 
space. 

When RESET is ese: the ADS<0.1> output petobes are disabled aad ie Match and Mask 
registers are cleared. 


Some examples of implementing the wes cae are 


- A channel can be programmed to respond to a single longword read address. The ADS or ADSI 
strobe is used to gate the value selected by external switches to the DAL. ‘The SSC can then assert 
the RDY output to complete the cycle. : | 


- A channel can be programmed to decode only some of the high-order DAL. The strobe is then 
used with an external decoder to select other devices. _ 


« An address strobe can drive the chip select (CS) input of coe oripheral diva ane asa aes 
‘memory access (MicroDMA) or vectored interrupt laa ace Vismaileie ile ihe sala 
ue must then < assert the RDY output. : . ee eS 
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The SSC operates, in ‘ebeieal pee a ‘bation backs! majacde ce oe ede i agisteina is 
powered up and running. The input de power is supplied by the system power supply and the 
RESET i input I is deasserted. In the battery-backup mode, the system is powered down, but the SSC 
receives power from an external battery and the RESET i input is asserted, RESET is asserted before 
the initial powerup sequence and is deasserted after the system is in ‘normal operation. It is also 
asserted before the transition to battery-backup mode and is deasserted when normal operation is 
resumed. | 


- Bus Transactions 


‘The ssc : supports CPU read, CPU write, MicrovAX external processor (EP) write ‘command, 





i 


pure Ss 


‘ ie : a 
. vist f ‘ se 


CPU Read, CVAX EP Read, or Interrupt / icknowledge © eas Si A eae 

During CPU read transactions or interrupt acknowledge cycles, the CPU sddiessed the SSC « or ‘the 
external ROM to receive data. A CPU read transaction requires a minimum of six SSC microcycles 
(nominally 600 nanoseconds). The WR input is‘ unasserted and’ the byte mask BM<3:0> 
information i is ignored. The SSC latches the information °. DAL< <31:00>, WR, and’ cs < 2: 0> 


when the AS input is asserted. The type of read access is ‘determined by the cS ao 0. > input. 


During the first part of a read cycle, the CPU transfers the address on the DAL. If the : access isa 
longword read, the CPU transfers the physical long word ad 














dress on DAL <29:02>. Tf the access is 
a CVAX EP Read, the CPU transfers the processor register number on DAL<07: 02> and zeros On 
DAL<10:08>. For a CVAX system if the access is an interrupt acknowledge cycle, the CPU 
transfers the priority of the ere being acknowledged (IPL) on DAL<06:02>. The 
DAL<31:07> and'DAL<01:00> =0. With a MictoVAX ‘system, the IPL is on DAL<C 04: 00>, 
DAL < 31:30> = 10, and DAL <29: 05> =0. The CPU then : asserts the AS input to indicate tha 
the address is valid. When no device rate to the addres ss, t ne e SSC ris eee He HER ERK aw ee to 
indicate that a bus timeout has occurred. soon : : 


During the second part of a read cycle, the CPU accepts the addressed data fica HE DAL. If the 
access is to internal storage, the SSC transfers the required data on DAL. <31:00> and asserts the 
RDY output. The CPU reads the data and deasserts the AS and D. , inputs. to end ‘the read 
transaction. If the access is directed at external bytewide ROM, the SSC asserts the ROMEN signal 
when DS i S is asserted and then performs four ROM read ; sequences. It latches the ROM data and 
increments the ROMADR< 1:0> output after each read operation. The SSC then deasserts the 
ROME! output, ‘transfers the unpacked longword onto DAL <31: 00>, ‘and asserts the RDY 
output. The CPU reads this data and deasserts the AS and Ds DS inputs to end the read transaction. 


Tf the access:is directed to an external wordwide ROM, the SSC asserts the ROMEN 0 output when 
the DS input is asserted and then performs two ROM read sequences. It latches the ROM data after 
each read operation and inverts the ROMADR1 after the first read. The SSC then deasserts the 
ROMEN output, transfers the unpacked longword to DAL < 31:00 >, and asserts the RDY output. 
The CPU reads the data from the DAL and deasserts the AS and DS inputs. to end the read 
transaction. 


If the access is directed at external ade: ROM, aes ssc asserts ; the ROMEN ROMEN output whee 
the DS input is asserted and latches the ROM data when it is valid. The SSC then deasserts 
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ROMEN, transfers the latched longword on DAL < 31:00>, and asserts the RDY eeaeniang ‘The CPU 
reads the ROM data and deasserts the AS and DS. outputs to end'the read transaction. 


During an interrupt | acknowledge cycle, the SSC- ‘transfers the interrupt. vector data’ on 
DAL<09: 02> and asserts the RDY output. The CPU reads this data and then deasserts the AS and 
DS outputs to end the read transaction. _ 


CPU Write and CVAX EP Write ‘ 
During a write cycle, the CPU writes information to storage elements in the SSC. A write cycle 
requires six SSC microcycles (nominally 600 nanoseconds). The first half of a write cycle is'similar 
to a CPU read transaction except that the WR input is asserted. The CPU transfers the address and 
the operand length onto DAL<31:02> and asserts the AS input. If the access is directed to 
internal storage in the SSC, the SSC latches the data from DAL <31:00> after the DS input is 
asserted. The BM<3:0> lines specify which bytes of the target longword should be written. The 
‘SSC stores the data and asserts RDY output. The CPU then deasserts AS and DS signals to end the 
write transaction. Write transactions to the ROM address space are ignored. 


If a device does not responds to the address, a bus timeout may occur and the SSC will assert the 
ERR output. : at 


MicroVAX External Processor Register Transactions i 

The SSC responds to two sequences of MicroVAX External Processor Register transactions: an EP 
Write command followed by an EP Read Response and an ‘EP, Write command followed by EP 
Write Data command, | 


During an EP Write command/EP Read Response, the CPU reads data from the SSC. In ee Ant 
part ¢ of the transaction, the CPU performs an EP Write Command transaction. The DAL< 05:00 > 
contain the address of the required tpaister and DAL31 is a 1 to indicate that the read transaction 


will follow. 


The SSC latches the DAL <31:00> information on Rhee rising ses of EPS EPS apne ee the next 
two SSC microcycles (one MicroVAX microcycle is nominally 200 nanoseconds), the SSC accesses 
and stores the requested dat data. After this delay, the CPU executes an EP Read Response cycle during 
which the SSC uses the EPS i as a strobe to transfer the data to DAL < 31:00> and to pulldern 
the CS2 CS2 output level. bet | ? : 


EP Write Command/Write Data 

The CPU writes data to the SSC during this transaction. Inthe first part of the. transaction, ie CPU 
performs an EP Write Command transaction. The DAL<05:00> specify the location, of the 
required register. When DAL31 bit is a 0, a write transaction will follow. The SSC transfers the 
DAL<31:00 > information on the rising edge of EPS input. In the next MicroVAX microcycle, the 
SSC latches the data from DAL <31:00> on the rising edge of EPS. The SSC stores the data 
internally during the following two SSC microcycles. No accesses may therefore be directed at the 
SSC for two SSC microcycles (one MicroVAX microcycle i is s noniinally 200 nanoseconds) after an EP 
Write Data transaction. | 


‘Transaction Time Estimates , ae 
Table 22 shows the estimated maximum transaction time for a longword, Gord: and byte transfer 
when the CPU and the SSC are opens at 40 MHz. 
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Table 22 » MicroVAX 78332 SSC Estimated Transaction Times | 





Access Type | MicroVAX — 7 _ CVAX er ee 

Longword Word Bye | Longword Word Byte” 
EPRead » 6008 i _— 600. “es 
EP Write 08 es OO he 
Internal RAM Read 800 | . | = aoe 0 | a se 
Internal RAM Write 800. | =i ee - 600 a = = 
250 ns External ROM 1000 1400 +2000 +1000 ~—«:1300~=«1900 
350 ns External ROM 1000 = 1600S 2400S 00S «1500» 2300 
- Interfacing Requirements 


Figure 20 shows a typical system interconnection of rae SSC and MicroVAX CPU or CVAX CPU. 
The input and output signals between the SSC, terminals, and external devices are also shown. 
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TO LEDs BUN | SENSOR 


~ | OSCILLATORS | 
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FROM EXTERNAL |) 77 SECCON. 





LOGIC OR ———— RESET 
SWITCHES | 
aes ; TB40M- 40 MHz 
ALN TB25K 25.6 KHz 
CONTINUOUS VDD —————. vp! 
ROMEN ROMADR<1:0> 
R = LOG2 (NUMBER OF BYTES IN ROM) . ROM 


| (2**R x ROMwidth BITS). F*> DAL <(ROMwidth= 1):00> 4 





ADDRESS LATCH <(R—1):2> 
ADDRESS LATCH | 
(R-2 BITS WIDE} | 


Figure 20» MicroVAX 78332 SSC to CPU Typical Interconnections 


DAL <(R-1):02> 
AS 


TO REST OF MicroVAX/CVAX SYSTEM 


Power Supply Interfacing 

A typical block diagram of the power supply and external power control circuit is shown in Figure 
21. The power circuit provides continuous power to the Time-of- Year (TOY) clock and to the RAM 
circuits to maintain memory data during a power interruption or failure. During normal operation, 
the power supply provides both Vpp; and Vppx voltages to the SSC. During battery backup mode, 
the power source is switched by the power control logic to the battery and the Vp; input provides 
the power to maintain the TOY clock and RAM. The Vpp; also provides continuous power to the 
external 25.6-Hz oscillator to maintain the TOY clock operation. 
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Figure 21 = MicroVAX 78332 Power Supply Interconnec tion ae 


The power connections to the SSC are shown in Figure 22, Each Vopr ana +0 pin shioiild bs 
bypassed to V,, with a 0.01-F capacitor located as close to the package } pin as possible. All Vppx pins 
should connect to the same supply. Both Vpp, pins connect : together and are ‘bypassed: with a single 
0.33-F capacitor. — 


CONTINUOUS a ee 
POWER | : ST ey eer 
‘| aay bass flies Meas 


UeA secyease 
.O1pF O1pF 


POWER | 
SUPPLY 


33yF + — OF l12- A ase te ew Soaeesi” EO Ase O1pF .33uF 


¥ 
ee 


- Figure 22 « MicroVAX 78332 Power Supply Connections 
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- Specifications 


The mechanical, electrical, and environmental characteristics and specifications for the SSC are 
described in the following paragraphs. The test conditions for the electrical values are as follows 
unless specified otherwise. | aon 


« Ambient temperature (T,): -55°C to 125°C 
« Power supply voltage (Vppx): 5.0 V +5% 
« Continuous supply voltage (Vpp)): 5.0 V + 10% 


Mechanical Configuration 
The physical dimensions of the SSC 84-pin cerquad packane. are heat in the Appendix. 


Absolute Maximum Ratings : : 7 

Stresses greater than the absolute maximum ratings may cause permanent lore to the device. 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
ey of the device. 


. - Supply voltage (Vo): O5Vt0o70V - 
= Input (V,,) and output voltage (V,,,): 0. 5 Vt to 7.0 V. 
- Ambient temperature (T,): 0°C to 70°C 











» Storage temperature (Tj): 55°C to 125°C 


Recommended Operating Conditions 


= Power supply voltage (Vppx): 5.0 V +5% 

= Power supply voltage (Vpp;): 5.0 V + 10% 

- Operating temperature (T,): 0°C to 70°C , | | 

- Relative humidity: 10% to 95% (noncondensing) 

= Power Dissipation: 1.0 W 

de Electrical Characteristics 

The dc electrical parameters of the SSC for the operating jolcaae and temperature ranges specified 
are listed in Tables 23 and 24. Refer to Table 1 for the pin designations of the signals listed in the 


tables. Table 25 lists the characteristics output and 25. Refer t to Figure 23 for the output load 
circuits used for the test. ; 


_ Table 23 « MicroVAX 78332 dc Input Parameters _ 


Symbol — Parameter Test Condition _ Requirements = Units © 
. enti Go isiinee citi amin cn ON, Max. a 
Nii 2 High-level ! 2.0 | ‘oa V 
input voltage —_ 
except TB25K input re 
TB25K input : a2 V 
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MicroVAX 78332 





Symbol Parameter Test Condition Requirements Units 


Min.  —-_— Max. 

Vit Low-level os , _ 0.8 V 
input voltage . 

Ly Input leakage 4 0< V,, < 5.25 V | -10 10 MA 
current — : 

Ce Input capacitance — | | —_— 12 pF 
except TB25K input 
TB25K input _— 15 pF 


Table 24 + MicroVAX 78332 de Output Parameters 


Symbol Parameter Test Condition Requirements Units Load 
| Min. Max. Circuit 

Vou! High-level Io. =3.2 mA _ 0.4 V Fig 23A 
output voltage 

Vo! Low-level Ion -20-MA- 0 4.00 pee OR? Fig 23 
output voltage 

a Low-level Io. = 23 eA Al ect oe chile V Fig 23B 
output voltage — | 

| Pe Output leakage 0 < Von < Von = 10°" A Fig 23B 
current 

Vow High-level Ion =-8.00 Vp ——té‘«i‘SNY Fig 23C 
output voltage | | ‘ — — 

Vou’ Low-level Io, = 10 mA 0.4 V Fig 23C 
output voltage 

‘Outputs DAL < 31:00 >, CTDO, CSDO, CPUHALT, ADS<1:0>, INTCLKO, IORESET, IAKEO, 

ROMADR < 1:0>, and ROMEN. Output signals capable of driving a fan-out load. of eight LSTTL 

loads Seid tee: sO 

two standard TTL loads. 


?Outputs ERR, RDY, IRQ<n>, and CS2. Open-drain pulldown output capable of operating with 
a 250- pullup resistor. 

>Outputs OPT <3:0> and RUN. OPT <3: O0> capable of driving TTL or low current LED 
indicators. ~ a, 
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FROM‘ 





+5V 
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Ri 02K 
R2: 1.7K 
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Di toD5: 1N4152 

LOAD A 
FROM RI eed 
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- CL R1: 250 OHMS 


"De pe 2 Che 100 pF 


LOAD B 


FROM 





OUTPUT | 
400 OHMS 
370 OHMS 
100 pF 
1N4152 
a LOAD C = 
Figure 23 » MicroVAX 78332 de Output Load Circuits 
ac Characteristics 


The clock input waveform and timing symbols are shown in Figure 24. Table 25 lists the clock 
input timing parameters. 


-tCIH - tcIP - 


tciR 


tcip —e ke tI 


Figure 24 = MicroVAX 78332 Clock Input Waveform 


1-158 Confidential and Proprietary 


ero ECRIS RN SONNEI GEN DUNNO 





Preliminary MicroVAX 








Table 25 = MicroVAX 78332 Clock Input Timing Parameters 





Requirements (ns) — 

















Symbol 

‘ Min. Max. 
tor Clock In rise time: — a 7 spec ves ‘45 | 
——— Clock In fall time se By ree, He ged Pee? 3 AS. 
tom Clock In high ee eee oe 
ton Clock In low | oh: seuss 





tar ja Cloke In petiod sii bow sos ay 2 RF i ont DM 


Figure 25 shows the timing and symbols for fe SSC irislication and Table 26 lists the 

initialization parameters. The following specifications apply to the signals. 7 | 

1. During cold-start powerup, the order in which Vpp; and Vppx are powered up is unimportant, and 
the BLO input is ignored. 

2. For total power down of Vpp; and Vppx with no battery backup, the sequencing or transition 
times of Vpp: and Vppx are not specified and the RESET input need not be asserted. __ 

3. In any transition to normal operation, the RESET input should not be deasserted until the 
CLKI, TB40M, and all other input signals are within specification. 

4. The deassertion of the RESET input initializes the SSC to its powerup state. The ssc should not 
be accessed until at least 1.0 microsecond after RESET is deasserted. — 

5. In battery backup mode, the high level of input signals TB25K, BLO, and RESET t must reach the 
value of Vpp;. All other input must have a low impedance to ground during battery backup and 
should be powered from Vppx during normal operation. 


j i NORMAL 
POWER-UP TRANSITION NORMAL OPERATION __ BATTERY BACKUP OPERATION pha oat 








VDDI 


VDDX 


‘BLOWD 


BLO 
WHEN 
ASSERTED 










NOTE: = UNKNOWN INTERMEDIATE VOLTAGE 


Figure 25 = MicroVAX 78332 Initialization Timing 
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Table 26 » MicroVAX 78332 Initialization Timing Parameters 


Symbol - Definition. ss - Requirements énis) * 
| | Min. Max. 

tons | Vopr OF Vppx in normal operation range to RESET deasserted 0 —_ 

ton RESET asserted to Vpp; or Vppx Out of normal operation range 50 es 

tavors BLO asserted to RESET deasserted i. 50 = 

tsLowp | BLO pulse width > of ha s2D —— 


The timing sequence for the CPU Read, CVAX EP Read, and Interrupt Acknowledge transactions 
are shown in Figure 26. Table 27 lists the timing parameters for the transactions shown. The 
specifications listed are relevant for transactions directed only at the SSC except for thsn and tice 
paneer 
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: beget ; : 
» TASL 


AS = "ASH a 
_ ied | 
>| tRDDAT 


t 
no a ae | r DSRDY 
tROYDS 


RDY 
bes 'RMRDY 
'ASRM | 
ROMEN* | \ / 


coaster 


“‘ADS<n>* | = / 


TASIAK 


_— eee. oe 


“WHEN ASSERTED 













C$<2:0> 
WR 


























Figure 26 = MicroVAX 7 8332 CPU Read, CVAX Read, and Interrupt Acknowledge Timing 
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Table 27 » MicroVAX 78332 CPU Read, CVAX EP Read, and - 
Interrupt Acknowledge Timing Parameters 
Symbol! Definition Requirements (ns) 
Min. Max. 

access AS asserted to RDY asserted - . oT | 
CSR access - | — 150 | 250 
RAM access — oe ZI © eeestee SH 
250-ns longwordwide ROM access =-—S—«S50 650 
250-ns wordwide ROM access — Fae oei.. o 950 
250-ns bytewide ROM access 1450 | ~ 1550 
350-ns longwordwide ROM access ~ 650 750 
350-ns wordwide ROM access.- wiewene JQ5FQ F150 
350-ns bytewide ROM access 1850 1950 


tapras ~~ -—- Address setup before AS asserted ee = eee 
tao “AddressholdafterAS asserted == 10 — 
ee _AS asserted to ADS<n> ed 100 200 
tie AS asserted to DS asserted 25 _ 
tasn >: Address strobe high time = pe |, eee ee 
ere AS asserted to IAKEO asserted 150 250 
aan Address strobe low time dD — 





tase cites ghd asserted to ROMEN agappted (> bas cil) WAITRESS 4 Aveo BS of aides 
tpspat ( _ DS deasserted to DAL line high impedance — reer lo 5O 
tosrpy ~~~: DS easserted to RDY deasserted __ | Sets ee | ae 


teppar .—s—‘(<‘éRD Vetted to atta valid 2 t—t™” : a = eae: |. ae 





Pages, -RDY asserted to DS deasserted et ‘ 4 : a Se — 





trarpy ~-ROMEN deasserted to RDY asserted ee = “75, me ee ote 





‘Except for tasy and t,s, values, the above pein are re 
at the SSC. 


Figure 27 shows the signal timing for the CPU Write er CVAX EP Write transactions. Table 2 28 
lists the nae parameters. 


ra ead ioe transactions as 
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Figure 27» MicroVAX 78332 CPU Write and CVAX EP Write Transaction Timing 





Table 28 » MicroVAX 78332 CPU Write and CVAX EP Write Transaction Timing Parameters — 


Symbol’ Definition wes See. * Requirements (ns) 
| 4.4 Min, Max. — 


Eine * Address setup before AS asserted ‘ 5 | — 
Te Address hold after AS asserted seo lOe oo 
tax AS asserted to ADS<n> asserted = —_ 100 200 


tasem AS asserted to byte mask valid —— Ws: 





sce --BS asserted to DS asserted 0 _ 
ae Address strobe high time = * 45 —_ 
tisron AS asserted to IORESET asserted 175 - va - 





tc Address strobe low time rb) — 
tacahs AS deasserted to RDY high impedance _ 25 
tas Byte mask hold time after AS 275 — 
tect Data hold time after RDY asserted 75 — 
eee DS asserted to data valid ioe 50 


teeas DS deasserted to RDY deasserted — 50 
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Symbol! Definition Requirements (ns) 
tioney IORESET asserted to RDY asserted - paca te sa PTS eres ~ BOO 





trpyps - RDY eeeried to DS Actsceteed — } Sikes 7 Ld : a 
twrire. — DS asserted toRDY asserted beatae 100 ae “2007 








‘Except for. tas and tas, values, the above specifications a are e relevant only for transactions directed 
at the SSC. aT & ? 22K : 

*When IORESET is moe tiorpy determines when RDY i is guered ‘eet (oer is not used. 

Figure 28 shows the the minimum transaction timing for the MicroVAX EP Write Command and 
Read Response transaction and Table 29 lists the Sane Dagar. e , 











L tLASEP a : 
DAL<31:00> ADDRESS (aeeEae, 


'ADREP - 
TADRHD 


tER2CS- 










tEPICS 
cS<2> 


THE TRANSACTION MAY BE WIDENED HERE ve Sede cat? 
“NO SSC ACCESSES ARE ALLOWED DURING THIS DELAY. 


Figure 28 = MicroVAX 7 9332 MicroVAX EP Write and Read Response Transaction Timing 


Table 29 MicroVAX 78332 MicroVAX EP Write. and. Read Pana Transaction: Parameters 


Symbol’ Definition Requirements (ns) 
Min. Max. 
aes Address setup time before EPS deassertion 15 = 
Caan Address hold time after EPS deassertion 10 as 
tee CS2 hold time after EPS deassertion = 25 
toisnn Data hold time after EPS deassertion — 25 
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Symbol! - Definition © ~ Requirements (ns) 
tonnet : EPS deasserted to next assertion of AS ) re ae — 
EPS deasserted to next assertion of EPS a 2250 — 
teruc —-—~«s«dEPS deasserted to data valid | i os +325 
tepcs EPS deasserted to CS2 asserted | 150 250 — 
ts ae EPS asserted to data valid i | oe 50? 
tenses EPS asserted to CS2 asserted | ee EN 
tepr -- EPS assertion time _ a ag 7 
tase Last deassertion of EPS to assertion of EPS 225 — 


‘Except for tpp,, trasep, 2Nd tpnexr, these specifications are relevant only for transactions directed at 
the SSC. 

?Although the DAL will be driven tzp.,4¢ time after EPS is asserted, the data will be valid after tepsac. 

°CS2 is deasserted after tgpics, however, it will not be asserted until tzpscs after the second assertion 
of EPS. 


The minimum time for MicroVAX EP Write command and Write data transaction are shown in 
Figure 29 and Table 30 lists the timing parameters. 


fe tEPL lana ee 
tLASEP 


TEPEPW 


DAL<31:00> ( sooress 
'ADREP DATEP 
‘ADRHD et. 'Z tDATHD 


iss teP 110 

oe 
jORESET 
{WHEN ASSERTED) 


THE TRANSACTION MAY BE WIDENED HERE 
NO SSC ACCESSES ARE ALLOWED DURING THIS / 








| Figure 29» A NvOVTAN 78 339" Machover EP Wie Command ana Write Data Tanacion Timing : 
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Table 30 » MicroVAX 78332 MicroVAX EP Write Command and Write Data Transaction Parameters 


Symbol’ Definition Requirements (ns) 
| | Min. Max. 
tac Address setup time before EPS deassertion 15 = 
ts Address hold time after EPS deassertion 10 oe 
toasts Data setup time before EPS deassertion 15 — 
teas Data hold time after EPS deassertion 15 a 
ee EPS deassertion to next assertion of AS 225 — 
EPS deassertion to next assertion of EPS 225 — 
eas EPS deassertion to IORESET assertion 175 275 
tepepw Address EPS deassertion to data EPS deassertion 150 — 
tes. EPS assertion time 75 — 
toean IORESET assertion time 200 200 
bees Last deassertion of EPS to assertion of EPS 225 — 


‘Except for tgp,, trasep, aNd tpnexr, these specifications are relevant only for transactions directed to 
the SSC. 
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- Section 2—Bus Support Devices 


The bus support devices provide the interfaces for CVAX memory bus, VAXBI bus, and Q22-bus. 

CVAX 78588 Memory Controller—The CVAX 78588 CMCTL is a high-performance dynamic 
memory controller for CVAX systems. It provides an interface between devices on the CVAX bus 
and the MOS private memory interconnect bus for memory arrays. 7 

CVAX 78711 Q22-bus Interface Chip—The CVAX 78711 CQBIC provides an asynchronous interface 
between the CVAX CPU bus and the Q22-bus. It supports byte, word, and longword transfers and 
block mode DMA transfers. 

DC514 CMOS VAXBI Bus Interface Chip—The DC514 CBIC is a high-performance interface used 
between the VAXBI bus and a user-developed interface of a node. It combines the functions of the 
the VAXBI 78742 BCAI and the VAXBI 78732 BIIC. 
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- Features: 


* High- performance CMOS dynamic- -memory controller for CVAX systems 
= Two error checking modes: 7-bit ECC or single- bit parity 
- Address multiplexing for 256 Kbit by 1 and 1 Mbit ie : 





- RAM access time of 120 and 150 nanoseconds 





. Synchronous or asynchronous interface to DMA devices 
= Optimized write-through cache control 
- Supports memory array diagnostics 


= CPU interface compatible with CVAX Bus | 





: Integral refresh logic 





= Single 5 5-volt power supply 


Description 

The CVAX 78588 Memory Controller (CMCTL) is contained in a 132- -pin package and 
provides an interface between devices on the CVAX bus and an MOS private memory interconnect 
(PMI) bus to memory arrays. The CMCTL performs read or write operations initiated by the CVAX 
CPU in synchronous mode or initiated by external DMA devices connected to the CVAX bus in 
synchronous or asynchronous mode. The CMCTL controls from one to four memory arrays and 
one, two, or four banks of dynamic random access memory per array. The CMCTL allows mixed 
RAM sizes and provides error checking between arrays. Figure 1 is a functional block diagram of 


the CMCTL. oe , 
ace RESET 
LOGIC - CURA, 
CLKB 


— AS 
DS 
WR 
BM<3:0> 
i> RDY 
> ERR 
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~~ CRD 
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BANK HIT INTERFACE 
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INTERNAL DAL (IDAL) 
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M0<38:00> MA<9:0> 


Figure 1* CVAX 78588 Memory Controller Functional Block Diagram 
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- Pin and Signal Description ree ee ee BY ieee ee 
‘The CMCTL operates with the I/O sighs ur power and prontnide connections Shows in ‘Fipire z 








The signals are summarized in Table 1 and the signal functions are described in the following 
paragraphs. 
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VDDX AND VSSX ARE POWER AND GROUND FOR THE OUTPUT DRIVERS. 
VDOI AND VSSI ARE POWER AND GROUND FOR THE INTERNAL LOGIC. 
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"Figure 2* CVAX 78588 Pin Assignments 
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Table 1 «CVAX 7 8588 Pin and Signal Summary 





Pin Signal — : Input/Output Definition/Function 
59 4 AS : siapuee Address strobe—Indicates that the CVAX bus contains 
valid control and address information. | 
50-47 BM<3:0> input Byte masks—Specify which bytes on CDAL <31: 00> 
| >: contain valid information during memory write opera- 
tions. : 
32-35 CAS<3:0> — output ~ Column address strobe—Asserted during memory 


operations to indicate that MA<9:0> lines contain 
valid column address information. In fast diagnostic 
mode, the CAS<3:0> lines are asserted simultane- 

~ ously. In normal diagnostic mode or signature read, 
only one of CAS<3:0> is asserted. The CAS <3:0> 
lines are deasserted during refresh mode. 


56 CRD output ~— Corrected read data—During memory read operations, 
4 ee this line indicates that the dataon CDAL < 31:00> is 
correct. During masked memory write operation, it 

_\ indicates that the CDAL < 31:00 > contains correctable 

memory data in the read part of the operation, and no 

Pongo geil FP? . parity error, 

69,66-64 CS/DP<3:0> input/output Control. status/data parity—Transfers cycle status and 
| a a data parity information. . Sedna sles Sean ti 

104-85, CDAL<31:00> input/output CVAX data and address— Transfers. 82- a aren ie 

ee data information between the CMCTL, CVAX CPU, 
~~ and external DMA devices. 





D7: 3 nar DMG. ees x Input “6G DMA grant—Asserted to indicate that a DMA opera- 
tion is in process. When deasserted, it indicates that 
_., the operation is initiated by the CVAX CPU. | 


70 DPE a input/output Data parity enable—Enables parity checking and indi 
: _ cates that the CS/DP<3:0> contain valid parity infor- 

mation. 
58 ‘ DS nen input - i Data strobe—Asserted during read operations to indi- 


cate that the CMCTL can transfer information on 
oEDAL<31:00> and during write operations to indi- 
cate that CDAL < 31:00 > contains valid data. 


52 ERR 38 ‘input/output “Error Indicates abndriial termination of the c current 
bus cycle. The ERR and RDY inputs may be. simulta- 
neosly asserted to request a retry of the bus cycle. | ; 


20-29 MA<9:0>... output | Memory address—Time-multiplexed output spi 
| ing a row, column, or memory refresh address. 
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Pin Signal Tnput/Output, Definition/Fu 


61 MCLKA _siinput . 


60. MCLKB input 


105-115, 
18-132, 





Clock ete ie time base to the CMCTL andi is 


180 degrees out of phase with the MCLKB input. 


7 Clock B—Provides the time base to the CMCTL and is 
180 degrees out of phase with the MCLKA input. 


9-15, MD <38:00> input/output : Memory data—Provides memory “data between the 


~CMCTL and the memory arrays. 





54 5 MEMERR: output 


55:2 NEMR bore dutput’ -° 


_ Memory error—Asserted as an interrupt to the CPU 


when a parity error is detected on CDAL<31:00> 


; ~ during a,CVAX CPU single-transfer unmasked memory 
_ Write operation. 


~~ Nonlocal memory reference—Asserted to indicate that 


the memory, loaded from CDAL oe OF is not 


; within the range of the CMCTL. © 





| OR i acer: serge Tica which MA or 0. ae 
oh awe a valid row address and which MD lines have a 





oY valid command for a memory read or write operation. 


53. RDY= ————sinput/output | 
current’ bus Piss The RDY fre ERR sete may be 


 eyele. 


Ready—Asserted to indicate normal termination of a 


: Reset—Asserted to initialize the CMCTL. 





_ Sigharure: ensle Ae al with the RAS <3: o> 
- information to indicate a refresh operation and with 


the CAS<3:0> information to. indicate that lines 


16 TRIOUT = input 


- puts are high impedance. 


Write enable—Asserted ith the CAS<3:0> infor- 


MD<4:0> contain signature read information from 
he CMCTL. 





e-state ‘outputs—Asserted to indicate that all out- 


mation to indicate that the MD < 38:00> information 


~ is valid. If deasserted with the CAS<3:0> informa- 


- A . tion n, the MD < 38:00 > information is CMCTL inputs. 





Sl Ss Poet MOD sci ¥a/ input 
36,37,42, ae ae 
50,67, 84, 

116,1,17, oo 
19 3tA Veg? Oe pur 
68,83,117 a | 


“4 Write—Asserted to specify a read operation and deas- 
. serted for a write operation. 


~ Voltage—Power supply voltage 


Ground—Common ground reference. © 
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Dataand Address Lines _ 
CVAX Data and address (CDAL < 31:00 > stBolrediaeal: time- folder eas sided to transfer 
addresses and data between the CMCTL, CVAX CPU; and external DMA devices. 


During the first part of a read or write cycle, these lines provide address and control siioeinetien to 
the CMCTL. The information transferred during a memory read or write transaction is listed in 
Table 2. | : 650 


3 ea 2: “ CVAX | 785 88 Read or Write CDAL Information | 





CDAL - er ulee “GDAL oe eercn eis «EDAD of bP er DAI os 





31 is 5300 Leite 29 Type — /<28:02> = + <01:00> 
an Mae a 
L H | foaeword ole 0 Splice i for. transfer ae -CMCTL to 


H H ___octaword 


During the second part of a memory or control status repiseer (CSR) write ‘operation, the 
CDAL <31:00> provide information to the CMCTL. During the second part of a memory or CSR 
read operation, the CDAL< 31:00 > transfer information from the CMCTL. During memory read 
operations, the data on the MD < 31:00> lines are transferred to the CDAL< 31:00>. During a 
memory write operation, the data on CDAL< 31:00 > is transferred to the MD < 31:00> lines. 


Address strobe (AS)—This input is asserted by the external logic to indicate that the CVAX bus 
contains valid control and address information. When asserted, the CDAL< 31:00> and control 
signals BM < 3:0>, CS/DP< 3:0>, and WR are evaluated. At the conclusion of the bus cycle, the 
external logic deacseres AS. 


Byte masks (BM < 3:0 >)—During memory write operations, these inputs specify which bytes on 
CDAL < 31:00> contain valid information as shown i in Table 3. The byte masks are not used by the 
CMCTL during Peer te register (CSR) read or write eperanees or during memory read 
operations. 


Table 3+ CVAX 78588 Byte Mask Assignments 








BM<3:0>* Valid Bytes 

i LLL CDAL<3100>— 
H H H L = -CDAL<07:00>.— 
H HL 4H CDAL<1508>_ 
H 3 H H CDAL< 23:16 > 

L H -H.- H CDAL <31:24> 

H , H | Fe mee al read but no write a 


*All other binary combinations that specify the validity of two or three bytes on CDAL < 31:00 > 
are allowed. 
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When AS is asserted, the CMCTL evaluates the BM<3:0> information for a memory write 
operation. If the operation is a multiple transfer and the first transfer completes successfully, then 
following each assertion of DS, the BM <3:0> information is evaluated on each data transfer to 
determine unmasked and masked memory write operations. If the BM<3:0> lines are all 
asserted, an unmasked memory write is performed by the CMCTL: Otherwise, a masked memory 
write is performed. The CMCTL ignores the BM <3:0> information during memory read and 
CSR read or write operations. A masked memory write occurs on a byte or word operation. 


Corrected read data (CRD)—This output is asserted during memory read operations and masked 
memory write operations to indicate that the CMCTL data has been corrected. During memory 
read operations, if the CDAL<31:00> contains corrected data from the CMCTL, both the CRD 
and RDY inputs are asserted. During masked memory write operations, a memory read is 
performed to detect and correct single-bit errors before the masked write to memory occurs. If a 
correctable error occurs during a memory read id portion and no parity errors were detected on 
CDAL < 31:00 >, the CMCTL asserts both the CRD and RDY outputs. : 


Control status/data parity (CS/DP < 3:0 >)—These bidirectional, time-multiplexed lines transfer 
control, status, and parity information. In the first part of an I/O cycle the CS/DP3 input is asserted 
by aDMA device to request a synchronous operation. This input has an internal pullup resistor to 
accommodate asynchronous DMA devices that do not drive the CS/DP3 line. 


The CS/DP<2:0> inputs and the WR signal prowice ct control information about the current oon 
cycle when the AS input is asserted as defined in Table 4 





Table 4 - CVAX 78588 Bus Cycle Selection 


‘| 








CS/DP line. _ Bus cycle Pe Ps ot EMCI Fanctios* | 
P 0 | : 
H-- OL L LL request D-streamread =———_—read 
H ; L : L H _ reserved | NOP (no operation) 
H L H Ee external IPR read NOP (no operation) 
H L ea ra interrupt acknowledge _ _ NOP (no operation) 
H H L i request I-stream read or, = read | 
H L H H demand D-stream read (lock) read memory (lock) or 
| _ _ is read CSR (no lock) 
H H H LE demand D-stream read read 
(modify intent) — 
H H H H demand D-stream read read 
(no lock or modify intent) | | 
L (ZL L L reserved eS ote NOP (no operation) 
L L L H reserved is | ee NOP (no operation) 
L L HL | eceeal IPR write ~_ NOP (no operation) "7 
L 8 H H reserved for DMA device use NOP (no operation) 
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WR © CS/DP line a : | Bus cycle . a CMCTL Function* 

Ley oe Beton, aL an reserved : NOP (no operation) 
ueeas Paceaial : Giimmre s | write unlock = a ee write memory (unlock) or 
— wale = a _ or oe a e Y bse nasties write CSR (no unlock). 
Ui coed ABE we eo vege + fresetwed ogo run bericcs ert ion NOP aiid cn 

LL” * . a ess ne write no unlock ae aa write — - | 


*The read and write operations are gennien only if he sddreds'n on CDAL< 31: 00> i is with the 
| programmed range of the CMCTL. If the address i is not in the range, ano operation (NOP) occurs. 


During the second part of an I/O cycle, the CS/DP < 3:0 > outputs provide byte parity for data on 
CDAL < 31:00 > during a memory or CSR read/write. Even parity is checked or ent for even 
bytes and odd parity is checked or generated for odd bytes. 


During a write operation, the CS/DP<3:0> provides. input information. If. thé: DPE input is 
asserted, the CMCTL tests the CDAL < 31:00 > for parity errors. The CS/DP<3:0> information 
must have valid parity for all bytes on CDAL<31:00> regardless of the BM<3:0> inputs. If 
parity errors are detected during a memory write operation, the data and incorrect check bits are 
written to memory. ACSR write pperation with. parity errors is aborted. 3 


During a read operation, the CS/DP<3:0>. outputs contain parity information ea ce by. a 


CMCTL for all bytes regardless of the the BM<3:0>. inputs. The warty asSIENITEIR, are listed in 
Table 5. 





Table 5 » CVAX 78588 Read Operation Parity Assignments 














Paritybit = Byte 
ae eS “CDAL<23:16> sal 
CPI SS*~«SCDAL1308> 





CR hs Bias CDAL< 07: 00> 


DMA Grant (DMG)—This input is asserted by external logic to > signify a DMA operation. Iti is 
deasserted to specify an operation that was initiated by the CVAX CPU. 


Data Parity Enable (DPE)—This bidirectional signal is is used to control the checking or generation 
of data parity when the DS input is asserted. D During. a memory read operation, the CMCTL asserts 
DPE if the CS/DP<3:0> lines contain valid parity information. During a write cycle, the DPE 
input enables parity checking on the incoming data. If not asserted during a write cycle, the 
CMCTL ignores the CS/DP<3:0> information. This is an open-drain output and must be 
connected to Vop through an external 1 resistor to maintain high level when the outputs are a high 
impedance. 


Data Strobe (DS)—This i input See timing lato atca for data transfers. During a a memory or 
CSR read operation, it is asserted by the CVAX CPU or external logic to allow the CMCTL to 
transfer data to the CVAX bus. When an asynchronous operation is specified by the CS/DP<3:0> 
information, the CMCTL stalls a read operation until the DS input is asserted. When external logic 
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receives and latches the data, it deasserts DS. When deasserted at the end of a CMCTL operation, 
it causes the CS/DP< 3:0>, CDAL<31:00>, and DPE lines to become a high a al and 
deasserts the ERR and RDY signals. 


Error (ERR)—This signal is used by the alee logic mad the CMCTL to indicate an error 
condition and is asserted during memory read operations until the CMCTL transfers data to the 
CVAX bus. If it is asserted by external logic during memory read operations, the CMCTL 
terminates the operation and does not transfer data. The CMCTL asserts ERR to indicate that a 
CDAL< 31:00 >: parity error has occurred during a DMA write operation or that an uncorrectable 
error has been detected during a memory read or on the read portion of a masked memory write 
operation. Memory parity errors are considered uncorrectable. During a retry on a read lock 
request, the RDY signal is asserted. 3 : 7 


The ERR signal is asserted ed by the CMCTL when a read-lock request occurs and the lock-bit test 
results. in a hit. Both the ERR and RDY signals are asserted for one sampling window to indicate a 
retry. For asynchronous DMA read saat the ERR input is asserted first and the RD RDY sagas is 
asserted after phase. : 


‘When a single-transfer unmasked write - operation (dump and run) is initiated by the CVAX CPU in 
which a parity error is detected, the ERR signal is’ not asserted ef the CMCTL. Refer to ei 
MEMERR signal description for additional information. 7 


When the DS input is deasserted, the ERR signal is also deasserted. When the AS input is 
deasserted, ERR is a high impedance. This output requires an external aa resistor connected 
Vpp to maintain high level when the outputs are a high impedance. 


Memory Address (MA<9:0>)—These time- multiplexed lines provide row ees column 
address, or memory refresh address to the memory array. 


Master Clock A (MCLKA)—A clock input that provides the timebase for the CMCTL. It is phase- 
shifted by 180 degrees from the MCLKB input. 


Master Clock B (MCLKB)—A clock input that provides the timebase for the CMCTL. It is phase- 
shifted by 180 degrees from the MCLKA input. 


Memory Data (MD<38:00>)—Bidirectional lines that provide memory data between the 
CMCTL and one of four external memory arrays. When the CMCTL is in ECC mode, the 
MD < 38:32 > lines contain the seven ECC check bits. In parity mode, the MD32 line contains odd 
parity, the MD < 38:33 > lines are ignored during memory read operations, and the MD < 38:33 > 
lines contain zeros during memory write operations, If an error detection mode is not enabled 
(controlled by the CSR in the memory), then the MD <38:32> information is ignored during 
memory read operations. The MD < 38:32 > lines contain zeros during memory write operations. 


When the RAS <3:0> outputs are valid, each MD30, MD20, MD10, and MDO0 line contains a 
valid command for the external logic on the memory array. The MD lines indicate the logic value of 
the fast diagnostic test bit 9 of control and status register (CSR17). If each of these MD lines is a 
zero, subsequent memory read and write operations occur normally. If each line is a 1, subsequent 
memory read and write operations occur in fast diagnostic test mode, all RAS <3:0> strobes are 
asserted and deasserted simultaneously, and all CAS<3:0> strobes are simultaneously asserted 
and deasserted. . 


During a a signature read operation, the MD <04:00> lines are asserted when not controlled bya 
memory array. When the SE output is asserted with the assertion of one of the CAS < 3:0> lines, 
signature information i is transferred on the MD < 04: 00 > lines by each memory array as defined i in 


Table 6. 
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oie Bobs ces Table 6* CVAX 78588 } Money f Data Signature Information - 
MD. we Meinery check bits : 





zero” Se ee 


one” 


: SEVEAL' - 






iH 

; ae 
H 
bie 


reserved © 


igh! oeeeped on eipgye 


Memory Error (MEMERR)—This output interrupts inahaidentsk: unmasked memory -write 
operations initiated by the CVAX CPU in which a parity error has been detected on the i incoming 
data. In this operating mode, the RDY input is asserted before the input data parity is checked. 
This output provides a means to report late errors. Itis an Oem rain output and must connected 
to Vpp through an external resistor, a) 

Nonlocal Memory Reference (NLMR)—This ourptit is D eiaenal by the CMCTL t to induc a ie 
external logic that the memory or CSR address from the CDAL <31:00> is not a CMCTL address, 
It is deasserted when the AS input is deasserted. 


Row Address Strobe (RAS < 3:0>)—The CMCTL asserts one ee she hae fines dares a | memory 
read or write operation if the address on the CDAL < 31:00> is within the programmed range of 
the CMCTL and if a refresh request is not pending. At a low-to-high transition, the RAS<3:0> 
information indicates that the MA < 9:0> lines contain a valid row address and the MD30;MD20, 
MD10, and MDO0 lines have a valid command. for logic on the memory array. The RAS<3:0> 
lines are asserted simultaneously during a memory retresh or fast: iag pao sHiC. test, footie Ope ration. 

Column Address Strobe (CAS <3:0>)—These. outputs are a serted by. the: CMCTL during 
memory read or write operations to indicate that a valid.column address ison the MA<9:0> lines 
if the CDAL<31:00> lines contain.a valid CMCTL,address and iy a refresh request is not pet pectin 
During.a signature read operation, one of the CAS <3:0> lines is asserted, chee igineee on-which 
signature read request bit.is set in the CSR reginient thers is accessed. During arefresh pabaiente 
CAS <3:0> lines are deasserted. duiemictal isles ea to for reget Agty 3 eyes Tah Ald 


Ready (RDY)—This signal indicates when bus operations can occur. ie an input, it prevents the 
CMCTL from completing a read operation. As an output, it indicates that a read operation with 
valid parity has been completed or that parity has been checked. 



















During memory read operations, RDY is an input until the CMCTL transfers data to the CVAX bus. 
When asserted by the external logic, the CMCTL terminates the read operation and does not 
transfer data to the CVAX bus. The RDY signal is asserted by the CMCTL to indicate that the CS/ 
DP3:0> lines, CDAL < 31:00>, and DPE line contain valid data. During single-transfer unmasked 
memory write operations initiated by the CVAX CPU, the RDY signal is asserted when the CMCTL 
has latched the data from CDAL < 31:00>. For all other write operations, the CMCTL asserts the 
RDY signal after the CDAL < 31:00 > data is latched and valid parity has been detected. 
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The RDY signal may be asserted during the sampling window, except for : a retry of asynchronous 
transfers when it is asserted on phase 1 (P1) of a clock k cycle. It is deasserted when the DS input is 
deasserted and becomes a high impedance when the AS input.is deasserted. The RDY input must 
be connected to Vpp through a resistor. “4 


Reset (RESET)— When this input is asserted, the CAS <3:0>, CRD, NLMR, RAS <3:0>, SE, 
and WE lines are deasserted. The CS/DP<3:0>, CDAL<31:00>, DPE, ERR, MEMERR, and 
RDY lines are set to a high impedance. The MA <9:0> and MD < 38:00> lines, the control and 
status registers, the refresh counter, and the refresh request counter are cleared. The lock bit is set 
to the unlocked condition. When RESET is deasserted, the CMCTL is synchronized with the first 
low-to-high transition of the MCLKA input at the start of phase (P1) and the refresh timeout 
counter begins counting. 





Signature Enable (SE)—This output is asserted with the CAS < 3:0 > outputs to request signature 
information and to indicate that the MD <04:00 > lines contain input information. When the SE 
output is asserted, the RAS<3:0> and WE outputs are deasserted. The SE output and 
RAS < 3:0> outputs are asserted when the CMCTL is performing a memory-refresh operation. | 
Three-state ia eae (TRI Pees asserted, this input causes all Par to become high 
impedance. | 

Write (WR)—This i ale is seraiars to vee a write e bus pais and i is deasserted to specify a read 
bus cycle. te 

Write Enable (WE) This output is ‘seb to enable a memory tead or writd operations. If WE 
arid CAS <3:0> are asserted during memory write cycles, the MD <38:00> information is valid. 
If deasserted when ne CAS < o 0 > Hines are * asserted, the. MD < 38: 00 > contains input 
information. 

Voltage (V,,,)—This | fy the Sevalt i input from the power dupply. - 


Ground (Vs) —This is the signal and power ground reference. _ 


Registers _ 


The CMCTL contains 18 alec ele status registers: (CSKO tHrenigh CSR17). CSRO ree CSR15 
are configuration registers, CSR1G is a system error status register, and CSRI17 1 is a Mode Control 
and Diagnostic Status Register. Each registers must be longword accessed. pee 

Configuration Registers (CSRO-CSR15)—A configuration register is assigried to each of the 16 
banks of memory that can be connected to the CMCTL. CSRO ‘through CSR3 cortespond to the 
four banks on array 0, CSR4 through CSR7'to the four banks on array 1, CSR8 through CSR11 
correspond to the four banks on array 2, and CSR12 through CSR15 to the four possible banks on 
array '3.-Figure 3:shows the read format and Figure 4 shows the write format of these caine 
a 7 describes the function of the register information. i oo 
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"31 302928272625 242322 21 20 19 18 17 16 15 14 13.12 11 1009080706050403020) 00 








}o}o|0 


BASE. ADDRESS VALID _ 
LOCK BIT | is 
SIGNATURE READ REQUEST © 
_. ERRORMODE 7 
RAM SIZE: 
BANK USAGE 


Figure 3» CVAX 78588 Configuration Registers (CSRO-CSR 15) Read Format» 


WRITE FORMAT: 
31 3029282726252423222! 201918 171615 141912 1110080807 060504030201 0 


MEMORY BASE 
ADDRESS. ,- 





BASE ADDRESS VALID eS s “SIGNATURE READ REQUEST 


Figure 4» CVAX 78588 ere jouration Registers (CSRO-CSR b) Write Format’ 


level. The fields of the foie registers 
related to an array will contain the same information. For example, a signature read request issued 
by the processor can be performed through any one of the four registers related to an atray. All of 
the related registers receive the signature information. The CSRO through CSR15 are cleared when 
the RESET signal is asserted. | anaes 


Some of these registers contain information used at the array 








ae) ares 
23 a ee 








Bit Pescripian 


31 Base address valid—Set when the base address is written to oe the aici of “the 
bank indicating that the base address CSR < 28:20 > is valid. This bit is cleared during 
powerup and may be used by diagnostics to disable a memory bank. 





30:29: Not used—Read as zeros and a write ‘has no effect. 


28:20 © Memory Base Addicss.icSiiedifies. the base address of ide related memory bank. If x 

_ bank contains 256 KB RAMs, all nine bits are used in the address compare. If the RAM 

size is 1 MB, only bits 28:22 are used. All nine bits are tead and written. Refer to. the 
Addressing section for the use of the base address. _ 


19:07 Not used—Read as ZErOS 














06 _ Lock bit—Indicates the status of the lock bit for all 16 banks of RAM. This bit is cleared 
during powerup and unlocks the CMCTL. When set, the CMCTL is prevented from 
performing a tead-lock request. Memory read operations without the lock qualifier are 
not affected by the status of this bit and the installation of this function is optional. 
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Bit | Description — 








05 Signature reall. pir rane the! ‘MCT ‘to read the memory array signature 
information. When set, the CMCTL reads the related memory array and loads bits 04:00 
with the information. All four registers associated with the array receive the information. 
The signature may then be read by the processor to initialize the base addresses of all 


banks. This bit is cleared by the CMCTL on completion of the signature read operation. 





04:03 Error mode—Indicates the error detection/correction mode that is used on a given array. 
~~ encoding is| 


04 03 
0 0 no detection/correction 
0 1 parity 
1 Qo cer ECG (error correction code) 
1 WL) i motused i | 
02 RAM hive Endicaves the size of the RAM used on the array. 


O= 256 Kb (1 MB bank) and 1= 1 Mb (4 MB bank). 


01:00 Bank used—Indicates the number of banks used, on an array as follows i 


Bit Banks 

01 00 

oO 0. » array not present 
20 st ones iia | ae ortial wraps aly ais 

1 0 Mpg fuck eel Ley anc dis ae GS eet ts ty 6 





System Error Status Register 

The CMCTL stores error data in the system error status register (CSR16). The error status flags (bits 
30:29) are cleared by writing a 1 to the bit. Once these bits are cleared, the state of the error status 
flags will not change. This register is cleared when the RESET input is asserted. The read format of 
this register is shown in Figure 5, and Figure 6 shows the write format. Table 8 describes the 
function of the register information. 


READ FORMAT: ne pe 
31 SUED ERE even ence ee 21 2019 1817 1615141312 11 10090807 060504 0302 01 00 


i, | TTT | ee te SERROB! .t| 
14} a PAGE ADDRESS ERROR “ | 4 SYNDROME, | 





RDS ERROR LOG REQUEST 
\(MORE-THAN 1 BIT ERROR) = 


RDS HIGH ERROR RATE © s 
CRD ERROR LOG REQUEST (1 BIT ERROR) | 

DMA ERROR LOG | Te 

ECC ERROR SYNDAOME:G:9 6 i fee ft te ge et dee oie te er er be Pe eto! | iC 


Figure 5» CVAX 78588 System Error Status Register Read Format. 
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WRITE FORMAT: 
31 302928272625242322 21 sabi 18 1716 15.1413 12 11 ee 00 


RDS. ERROR LOG REQUEST (WRITE 1 TO CLEAR)| 
RDS HIGH ERROR RATE (WRITE 1 TO CLEAR) 
CRD ERROR LOG REQUEST (WRITE 1 TO CLEAR) 
DMA ERROR LOG (WRITE 1 TO CLEAR) 

BUS ERROR LOG (WRITE 1 TO CLEAR} 











Table 8 CVAX 78588 System Error Staty s. = Re gis 


Bit Description 





31 RDS error fog—This bit is set when an ‘ancorrectaila ECC or : parity error occurs during a 
memory read or masked write operation. It is cleared by: writing a 1 to this bit. 





30 RDS high error log—This bit is set when an uncorrectable ECC or parity error occurs 
while the RDS error log bit (bit 31) is set. Iti is cleared by writing a it to this bit. 





29 CRD error log—This bit is set when a ‘Cormectable (single. bit) error occurs during a 


memory read or masked write operation. It is cleared by writing a 1 to this bit. 








28:09 Page addeese a eer Identites the page (512-byte block) where an error occurred 
during a memory operation. The logging of the error address is prioritized. If an address 
has already been logged by an error of equal or higher priority, the address is not 
overwritten. The error conditions that may cause the logging of the error address may 
occur during either CVAX CPU-initiated transfer | ora DMA’ eepstion. The error 
condition priority ip 


1. A bus parity error occurs ts during : a write operation ai is ae by te Bus Error Log 
bit 07 of the system error status register. 


2. An uncorrectable error occurs during a memory iia or. Sake write operation and is 
logged by the RDS Error pe Benen bit 31. In patty rei eee errors are considered 
uncorrectable. 


3.A correctable error occurs soit a memory ak or ey write ¢ operation and is 
logged by the CRD error log bit 29. - | 


08 DMA error log—Set when an error has occurred daring a DMA ° eetation and cleared by 
writing a 1 to this bit. — . 





07 Bus error log-—Set when a bus parity error has been detected during a write operation and 
cleared by writing a1 to this bit. 





06:00 Error aie a memory error is Fp TE in ECC mode, this field stores the error 
syndrome which is loaded with the error address field when a memory error is detected. 
When parity mode is enabled and a memory error is detected, this read-only field will be 
read as zeros. 
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Mode Control and Diagnostic Status Register ; 

The mode.control and diagnostic status register (CSR17) controls the selection of operating modes 
and stores diagnostic status information. This register is cleared when RESET input is asserted. 
The read format of this register is shown in Figure 7 and the write format is shown in Figure 8. 


Table 9 describes the function of the register bits and Table 10 describes the check bit field ia 
06:00). 


| READ FORMAT: 


31 30292827 2625242322 21 2019 18 17 16 15 14 13 12 11 10 090807 060504 03020100 


PMI CYCLE SELECT 
ENABLE CRD INTERRUPT 
“UPORCE REFRESH REQUEST » 
DISABLE ERROR DETECT 
FAST DIAGNOSTIC TEST 





DIAGNOSTIC CHECK MODE. 
IF ECC MODE, THEN 
‘CHECK BITS 6:0 


IF PARITY MODE, THEN 
-. CHECK BITS 06: 1,0 = XXXXXX, 0 


Figure 7» CVAX vis 88 Mode Control and Diagnostic Status Register Read Format 


31 30292827 262624232221 2019 1817 16 18 141312 1110 09080706 0504030201 00 


PMI CYCLE SELECT 

ENABLE CRD INTERRUPT 

-FORCE REFRESH REQUEST 
DISABLE ERROR DETECT 
FAST DIAGNOSTIC TEST 





DIAGNOSTIC CHECK MODE 


FE ECC MODE, THEN © 
CHECK BITS 6:0 


IF PARITY MODE, THEN 
CHECK BITS XXXXXX,0 


Figure 8 * CVAX 78588 Mode Control and Diagnostic Status Register Write Format — 
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Bit Description — shot svesis viteorme.!: 





31:14 Not used and read as zeros 





13 PMI cycle select—Set, to select the private memory interconnect +t (PMD), cycle 
a of CVAX bus ns ret This ae pare apa i 








W Then ‘this biti is cleared, a ‘corie' is Ee | bah ) each memory 
read ae a the RDY RDY Gatpat is slipped one cycle. When set, a cycle i is removed from 
t "Sectio Ic r additional information. 

The relationship of the bus cycles and access time is ae 
CVAXbus =, PMIbus net time 








7 logic. The CRD i interrupt mead is not praise yi Spor ae error. : This ee does t not t affect 

the page address bits 28: :09, the CRD error log. bit 29 of CSR16, or the logging. and 

reporting of uncorrectable errors. This bit is cleared when no error Occurs or an 
_ ~ uncorrectable error occurs. _ nahi sho 


aa 









211 ~~... Force: refresh—TI 7 
Te} Ro! following the’ CSR'y write: transaction’ Geavl sets: net ee W = clearec 

-o. logic operates in-normal mode: Setting: this bit: allows the. siiete - ee refredt lagicte to we 
ee increased ie “ee enantio uring test. This bit is write on ai — is uve as ze ro. It 











igs 5 Disable memoty error deiect When set, the error devection (ECC and parity méde) arid 
correction (ECC mode only) is disabled. The error logging i in CSR16 is’ ‘disabled and 
lemo’ ing is ir sited on the ERR ERR or ERD Dotitputs. ‘When cles rec 


d {tee ertor 
re detection sia contection are enabled. tela | 












eth RAS. <3: — oe CAS < 3 0 = nee are > asserted | for a anénienaesa ahs operation. 
- This bit and:the CDAL<29: 26>, information are used to decrease the time of the initial 
diagnostic memory 1 test. 


fra, eg 


eka db Regie wf : “gt 1 og ; 





08. Not used and read-as zero. 





07 Diagnostic check mode—Set to Select the diagnostic check mode. ‘When. set, aoe content 
of the check bits 06:00 is transferred to lines MD< 38: 32 > or ‘check | bit 00 is ‘transferred 

_ to MD32 for a memory write operation i in ECC or parity mode. W yen cleared, check bits 

06:00 or 00 are loaded from the MD <38/32> or MD32 lities during a a memory read 





= operation in ECC’ or parity. mode. Only unmasked memoty | write operations can nbe used 
- in this mode. | 





ins ee cheek bitte) ietice ae ae seed: et doa error 
. detection and correction operations. The relationship of this ssipannes iii ian on the 
modes selected and the type of operations as listed. EA tb Oe 


06:00 eCheck bits—This field « co: t 








Confidential and Proprietary 2-15 





Diagnostic check mode 
ECC ‘Parity Write ene | 
mode mode ee one 
~~ enabled disabled bite’ 06:00 fiatiofe to MD <28: 32> 
disabled = enabled =~—Ss bit OO transferstoMD32 0 
| disabled disabled 000000 transfers to MD < 38:33 > 
_ disabled disabled 0000000 transfers to MD <38:32> 
| Nondiagnostic check mode. on ttl adhacteelan: 
~ ECC Parity _ Memory read operation 
mode mode i sen eevee 
enabled —— disabled = MD<28:32> transfer tobits06:00 
disabled enabled MD32 transfers to bit 00 
disabled disabled 000000 transfers to bits 06:01 
disabled disabled 0000000 transfers to bits 06:00 
Error Checking | 


The CMCTL can operate without error ot checking, i in error checking and correction (ECC) mode, or 
in parity mode. In ECC mode, the CMCTL flags and corrects single- bit errors and flags double-bit 
“errors. Single-bit errors are ‘corrected on CDAL<31:00> but not corrected in memory. Error 

correction in memory is an optional software function. In parity mode, the CMCTL performs as in 
_ECC mode except that memory parity errors are considered uncorrectable. If an uncorrectable 
error is detected during a transfer, the assertion of ERR signal terminates the memory read 
operation. As an example,:if an uncorrectable error is detected ‘in the first longword read from 
memory during an octaword transfer, the transfer is terminated by asserting ERR. The remaining 
_ three longwords are not read from memory. In either ECC or parity mode, a correctable error is 
reported as an interrupt by the assertion of the CRD and RDY signals. 





ECC mode data—During memory write operations, the MD31:00> contains the same.information as 
CDAL< 31:00> together with seven check bits generated from an ECC generator. During memory 
read operations, error checking and correction is generated from the MD31:00 > inputs and compared 
to the MD < 38:32 > check bits. The ECC mode uses a 32-bit modified Hamming code to encode a 
32-bit data longword with seven check bits. When an error is detected, the syndrome i is loaded into 
bits 06:00 of the system error status register. The ECC logic detects and corrects single-bit errors in 
the MD< 31:00> data field. Single-bit errors in the check bit field are detected and reported. 
Double-bit errors are detected but not corrected and are'teported by asserting’ the ERR ERR signal. 


The modified Hamming code, shown in Table 10, generates seven check bits that are stored in 
memory. For a memory write operation, bits MD < 31:00 > that are exclusively OR (XOR) gated are 
indicated by an X in each row. From this value, parity that is even is generated on CL C2, and CT 
and odd parity is generated on C4, C8, C16, and C32. 


During a memory read operation, the data bits indicated with ; an. Ki in ape te row are XOR gated 
_again and check bits are again generated. These check bits are XOR gated with the check bits stored 
_in memory. If the 7-bit result is zero, no errors were generated. If the result is not zero, one or more 

errors in the data has been detected or an error in a check bit has been detected. The ECC error 
syndrome is the result of an error and is stored in CSR16 bits 06:00. If the syndrome matches any 

column of bits that contain an X in MD < 32:38 >, the error is correctable and the column number 
corresponds to the bit that is corrected. For example, if the memory check’bits are 0111100 and an 

error is indicated in MDOO, the check bits generated on a memory write would be 1100100. 
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Therefore, the.0111100 value is XOR gated with 1100100 to equal 1011000. This result corresponds 

to syndrome bits-ST, $32, S16, S08;,S04, $02, and S01 and can be read under column MD00 by 
reading the bits that contain an X as a one and the bits without an X as zero. Any syndrome value 
_ that does not, match the value in Table 10 indicates an uncorrectable € error. Sable: 11 lists senile 
‘syndromes that can be read from bits 06:00. logs ate 


Table 1 10- CVAX 78588 32- Bit Modified Hamming Code for ECC" 


-MD <3: Deer at MD AR 32> — 
| Sarre ie pare Generated Check Bits 
i ~ (€TC32C16C8C4C2C1 
Bits 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 09 08 07 06 05 04 03 02 O1 00 38 37 36 35 34 33-32 




















1111001 MD31 
0000001 MD32 
0000011 uncorrectable 2 NA ot ersten OC uf 4 choeriny! 





During a memory write operation her a ae parity e error, is des od. | on, _CDAL <31:00>, 
incorrect check bits are generated and transferred to the MD < 38:32> outputs for detection on a 
subsequent memory read operation. The algorithm that generates the incorrect check bits 
complements the generated check bits for the MD < 34:32> outputs and transfers the generated 
check bits unchanged to MD < 38:35> outputs. 


| Parity mode data—During « a memory read operation, ‘the c MICTL | genetates odd parity’ from the 
“MD <31:00> inputs and compares the generated value: to MD32. If the parity bit comparison does 
not match, an error is detected. ‘During: a memory write opera ion, odd parity is written to memory 
by the MD32*check bit. When a data parity error is d tectec edo on 1 CDAL< Be 00>, the force 


incorrect check bit pice menerees the a aera ed odd p erred to otes MD32 
output. | } es 


Addressing | Scheme 

~The CMCTL can control up to 16 banks of 256 Kbo or ’ Mb RAM. Rach lceaee can consist of 32 

bits of data and 0, 1, or 7 bits of error detection or correction information. Each bank has a 32-bit 
‘base address that resides in the CMCTL. Seven or 9 bits of this address are significant. If the RAM 
size is 256 Kb (bit 02 of CSRO through CSR15 is zero), the base address is mapped to 
CDAL<28:20>. If the RAM size is 1 Mb (bit 2 is 1) the base address is mapped to 
CDAL< 28:22 >. Refer to the Register section for reading and writing the base addresses. When a 
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-'base address matches the address on CDAL'< 31:00 >, the bank telated:to ‘that address is‘activated 
_ for either'a read or write epcaton The CDAL29 i iS. sea: zero indicating a memory address oe. 
RAM” access is’ provided* by the MA <9:0>, RA S&3:0>, and CAS<3: o> ‘outputs. The 
'RAS<3:0> and’ CAS <3:0> enable one of the Banks The MA <9: o> outputs (MA9i is not t used 
for 256 Kb RAMs) provide the memory address within a’bank as ‘desctibed. 





MA<9:0> addresses—The source of the MA<9:0> output information depend on the type of 
memory operation. The MA<9:0> output contains a row address during the low-to-high 
transition of the RAS <3:0> output and a column address during a low-to-high transition of the 
‘CAS. <3:0> outputs. Vs 


“During a single transfer memory operations _ 


Row CDAL20 transferstoMA9 
CDAL<19:11 > transfers MA<8:0> 
Column » CDAL20 transfers to MA9 | 


CDAL<10:02> transfers to MA <8: o> 


During multiple transfer memory operations, the MA<9: 0O>, RAS <3:0>, and CAS< : o> 
output information is in page mode format. The CMCTL compares the address on CDAL< 31:00 > 
with the CSR address. One of the RAS < 3:0> lines is then asserted followed by the assertion of 
one of the CAS <3: o> lings. ‘After completing the first operation, the RAS <3:0> line is held 
asserted while the CAS <3:0> line is continually negated and, reasserted for the remainder of the 
operation. Because the RAS<3:0> line is not negated and reasserted, the time required: 1 
perform the operation is minimized. MA9 is not used when 256 Kb RAMs are present. The address 
_informationonMA<9:0>is 


Row CDALZ21 transfers to MA9- 
oe ~~ CDA<19:11> transfers to MA<8:0> 
Column(0) ---CDAL20 transfers to MAY 
— ......... CDAL<10:02> transfers to MA<8:0> _ 
Column(n)* CDAL20 transfers to MA9 ASTD 
ce : CDAL< 10:04> transfers to MA<8: ‘* ee 
ne LW CTR 1:0 transfers to MA< I 0. ae | 


“n= 1 ge 
n= =2 (hexword) 
~n=3 (octaword) — 


The longword counter (LW CTR) is initialized sail the ai vee ee on. .CDAL< 01; 00 > ie the 
first. transfer. For a quadword transfer, LW CTR bit 0 is then. complemented. Tf the transfer j is 
. hexword 0 or octaword, the, counter is incremented two or three | times, respectively. _ 


If an internal memory, refresh request. is pending while the CMCTL isin the idle state, ae CMCTL 
performs only,a RAS memory refresh. If the AS inputs asserted, the address on CDAL < 31:00 > is 
latched and the requested operation is stalled until the memory refresh completes. All the 
RAS < 3:0> outputs on the memory bus are asserted and all CAS <3:0> outputs are deasserted. 
The source of the MA <9:0> refresh address is a 9-bit (0,8:0) refresh counter. The counter is 
“cleared by. the RESET input and incremented after the refresh operation has been completed. The 
RESET i input also clears the refresh 1 timer that provide. the refresh request. Table 2 ae the 
‘num ber of clock cycles (MCLKA or -MCLKB) between each refresh Tequest. 








gases an arr ere at is 
BODE 2h. APES Ee TSS Ce AS 
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Overhead 





PMI cycle —s_— Clock 





select! periods(ns) | is : (percent) — bye ee | rate (us)? 
a a one o 7 —— 27 : pees A 8 sii 





‘Bit 13 of the mode control and status register (CSR17) 

Includes 4.0 microseconds for the somprece of an pela near DMA ere writes aperatio 
and for.a slower. clock cychey ic: bocca HED oti y rontarn these wrom: ob POMS ant] 
RAS <3:0> and CAS<3:0> addresses If a! re af ite 
on CDAL<28:02>, one of the RAS< se outputs and ¢ one of the CAS<3:0> ‘outputs | is 
asserted. Table 13° summarizes the bank addressing on each array as sa furietion of the « ‘asse erted 
: RAS< 3: o> : and ¢ CAS< 3: o> Ae gicnea OBS OE OSE Hebe Merigiscg Dear STtB we 


















Table B. CVAX 78588 B Basi ¢ Row and Column 







: a oor coh 2 

RASLand CASO 
lesen ad ASO" ues its oatker ghia 0 5 dca S2 | 
7 arene rer . Seni> foddBerts ioRARO sade CAS? ene 























Register addressing—Each register (CSRO, through CSR 17) hag: a Sige ata: in oe VO space ne 
the CVAX CPU. If a register’s address matches the address on CD \L << 31:00>, a read or write 
operation to or from one of the registers occurs. The register ‘addresses ate listed in Table 14. 









~ Address. tare 





0 20080100. «2°~”~Ct«<‘<“S; XC*«Sst«~SM 20080124 

1 + 20080104 ( sti(iti‘«‘«wMW 20080128 
5 a iain iam el 

: ar?" ie aac ae 


eee 
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Register Address.) Registet Address 
2 (hexadecimal) _ bechew)  _ (hexadecimal) 





4 alg} 20080110 ee ee 13 shove 50080134. ra 
ae oo He —— oe 
~ rarer a RE OAS 
Pa “20080116” 16 20080140 

8 ~"20080120~C*«*«<‘“C:*é 7 Sk 20080144 





The CMCTL A ese memory ead memory write, CSR eae fw CSR write operations ae the 
control of the CVAX bus. Before an operation. can be initiated, a signature read operation: is 
performed during system boot time to load a bank address into CSRO through CSR15. The 
signature information for each memory array connected to the PMI bus.is stored in CSRO through 
CSR15. A signature read operation is initiated for each register by writing a 1 to the signature read 
request bit in CSRO, CSR4, CSR8, or CSR12. The RDY output is. not asserted until the signature 
information is loaded into the CSR. During this. operation, the MD <04:00>, outputs are first 
asserted. One of the CAS <3:0> outputs is then asserted together with the SE output to enable 
the signature read logic on the selected memory array. The RAS<3:0> and WE signals ate 
deasserted. The memory array transfers the array signature information to the MD<04:00> 
outputs. Refer to the ac Specifications for the signature read operation. The relationship between 
the CSRs and CAS <3:0> is provided in the Addressing section. : 


The signature information in the CSRs can be read to determine the number of banks and the RAM 
size on each memory array. The system boot program determines the address for each banks of 
RAM and can selectively write to a valid bank address in CSRO through CSR15. | 


Memory read—The CMCTL supports masked or unmasked, single- and multiple- longword read read 
operations (quadword, hexword, and octaword). Before a memory read operation, the RESET 
signal must be asserted to initialize CSRO through CSR15. @ sahara | 


The number of cycles necessary to complete a read transfer is a function of the transfer type, the 
clock (MCLK) input period, the type of memory error detected, if. a \ parity error was detected ir in an 
external cache, or if a DMA retry occurred. 


‘The number of cycles required to complete the different types of ‘synchronous memory read 
| operations ay no error is detected i is shown i in Table 15: | 


at 





ee “Table 15 CVAX 78588 Synchronov Ss Memory Read Performance . 

Transfer PMI cycle’») = CVAX Total " Megabyrtes/se second 
2 a it hs OI bo 

eguadword BS 
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Transfer PMI cycle §. .CVAX _— Total: _ Megabytes/second 


type select’ cycle? | cycles’ _ 

joneword 0 5/0 5 heat 10 
quadword 0 | 5/3 8 2.5 
hexword 0 5/8 nu 23.6 





octaword 0 5/3 - a 4 14. 3 


‘Bit 13 of the mode control and status register (CSR17) © 

The PMI bus cycle period is an integral number of CVAX “bas cycles. E xatiple 4/2 specifies that 
the first longword is read in four CVAX bus cycle and the remaining longwords i in two CVAX bus 
cycles. When the PMI cycle select is 1, the PMI bus cycle i is 4/2 and one cycle i is 1001 ns. When the 

PMI cycle select bit is 0, the PMI bus cycle i is 5/3 and one cycle i is8Ons. 

>One CVAX bus cycle or two MCLKA ot MCLKB clock cycles. 


The following are exceptions to the table information: 


* Ifatransfer is collides with a refresh opesation, add fous ore if the PMI ito select bit is dt Tand 
five cycles if the PMI cycle select bit.is 0. Lamperti ! tae 


- Add one cycle to the first transfer of a aa lock 





" Add one ne cycle: for each transfer with a correctable ¢ error rit it is s the first transfer 0 or if the PMI oye 
select bit i isa i. oe | | | 


_» Add two cycles for per ROE SS, with: an. iptemcable< ettor : The panna read ¢ ere: is 
terminated during the transfer that the error was detected.” | : 3 


i Add one cycle for each asynchronous transfer. 








+ Aread lock with the lock bit already set requires the: same number of eyclas, as.a een ngle 


+ Aread operation that is aborted by external logic requires the same ‘number of cycles a as a a single 
transfer 





 Abotitg read—Before the first glia is transferred, the CMCTL evaluates the ERR or RDY 
signal to determine if a memory read operation should be allowed to continue or to be aborted. To 
abort a local memory read access provides the ability to access an external cache together with a 
local memory access and to support bus interlocked read operations. 

If an external cache asserts the RDY signal, the CMCTL will abort its memory ciel operation. If 
external logic lock mechanism is implemented, asserting the RDY and ERR signal simultaneously 
during a read lock will result in a CVAX CPU retry and will abort the CMCTL memory read 
operation. | 

Table 16 lists the number of cycles between the assertion ae the AS signal and the RDY signal or 
ERR inputs to CMCTL. If RDY or ERR is asserted within the specified number of cycles, the 
CMCTL aborts the read operation. 
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Read. PMI cycle — ~CVAX ~ a ro 
type _select! cycle” __¢ycles* 
aS = . 
nomad Osi 

lock 0. 5/3 Chee rig ac 





‘Bit 13 of the mode ral and status register (CSR17) 

_?The PMI bus cycle period i is an integral number of CVAX bus cycles. ‘Example: 4/2 oe that 
the first longword is read in four CVAX bus cycle and the remaining longwords j in two CVAX bus 
cycles. When the PMI cycle select is A the PMI bus cycle i is 4/2 and one cycle i is 100 ns. When the 
PMI cycle select bit is 0, the PMI bus cycle i is 5/3 and one cycle is 80 ns. 

>One CVAX bus cycle or two MCLKA or MCLKB clock cycles. 


Single transfers—During a single-transfer read from memory, operation, ‘le CMCTL loads’ the 
address from CDAL < 31:00> , compares the address to the values stored in CSRO through CSR15, 
evaluates CDAL < 31:30> for danse: length, and evaluates the CS and DMG inputs. - 


During a synchronous operation, the CMCTL evaluates the RDY or ERR inputs to ee if the 
operation should be aborted. This function is inhibited during assynchronous ¢ operation. If RDY or 
_ERR is asserted, the memory read ead cycle on the PMI bus is completed, but the CMCTL does not 
drive the CVAX bus. If RDY or ERR is not asserted, the CMCTL reads data from the PMI bus and 
checks the data for errors. The CMCTL asserts RDY or ERR to indicate the transfer is complete. 
Multiple transfers—During a multiple transfer read operation, the CMCTL loads an address from 
CDAL <31:00> and returns two longwords. (quadword),- three longwords (hexword), or four 
longwords (hexword). The CMCTL then loads the address from CDAL<31:00>, compates the 
_ address to the values stored in CSRO through CSR15, evaluates CDAL < 31:30> for transfer length, 
and evaluates the CS and DMG inputs. 








During a synchronous operation, the CMCTL evaluates the RDY or ERR inputs to ereeeire if the 
operation should be aborted. The abort function is inhibited during asynchronous operation. If 
RDY or ERR is asserted, the PMI bus read cycle is completed, The CMCTL does not drive the CVAX 
bus and the operation is aborted. If RDY or ERR is not asserted, the CMCTL reads data from | the 
PMI bus, checks the data for errors, passes the data to CDAL<31:00>>,. and asserts the RDY ot 
ERR to flag the termination of the transfer. The operation is terminated when the last longword is 
read from the PMI bus. 


‘Read lock—The CMCTL performs. the ad lock operations relee toa memory read. operation 
_and monitors the lock bit 6 of configuration registers (CSRO-CSR15). If a read lock is detected, the 
“CMCTL requests a retry and completes the PMI bus read operation on the first transfer, It then 
terminates the operation on the CVAX bus by asserting both the ERR and RDY signals. The 
CMCTL will not retry a read lock. If; a read lock is not detected, the CMCTL completes the 
“tequested read operation. 


The CMCTL sets the lock bit if an uncorrectable error does not occur on nany eee An extra aoe 
is added to the first transfer to allow sufficient time for external asynchronous logic to terminate 
the operation with the RDY or ERR signals. 
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Preliminary | 


Memory write—The CMCTL performs single and multiple word memory write operations 
(masked or unmasked) on each transfer. The RESET signal must be asserted prior to the operation. 
The number of cycles necessary to complete a write operation is a function of the transfer type, the 

status. of PMI cycle select bit in CSR17, the ie ee — and whether the transfer i is- 
synchronous or asynchronous. | ° 


Table 17 lists the number of cycles a to seca each type of one write. When the 
PMI cycle select bit is 1, one CVAX bus.cycle is 100 nanoseconds. When the PMI = aclect bit is 0, 
one CVAX bus cycle is 80 nanoseconds. yoane bby qolencs 








Table 17. * CVAX 78588 Synchronuos Write Performance 





longword : 1 > . _ ; wees = st ie -s i A oe | oo - 











hexword | | Pose “unmasked 2 BfQ NOM visosrry vgn. 26) 7 


quadword 7 











e ae wait eesil <a Bec’ Gosn's) ius 

_ masked 5/5 it 6:6 ; - | 

- ne masked | | : ; : ; Ris : . - 16 ‘a i a 
Be masked ee mn 56 lana! La = 


1 


quadword — 





hexword . 


octaword 











longword. 


— =i io SABA oo afk Te 
hexword. 0... unmasked one ar ae cit BABAR, oF cack 
0 
0 





quadword F | : 











longword ivy | 





octaword 0 masked 6/6 25 723k 
‘Bit 13 of the mode control and status. Hegister (CSRI7)8 0" (2k lon | 





The PMI bus cycle period is an integral number of CVAX bus ech Bexnenblon a ieteoe Nae 
the first longword i is read in four CVAX bus cycle and the remaining longwords i in two CVAX bus. 
cycles. When the PMI cycle select is 1, the PMI bus cycle is 4/2 and one’cycle is 100 ns: Bila the : 
PMI cycle select bit is 0, the PMI bus cycle is 5/3,and one cycle is 80 ns. Ledhay ala c 

>One CVAX bus cycle or two MCLKA or MCLKB clock cycles, = 
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Preliminary. 


The following are exceptions to the synchronous write operations: 


- When an operation collides with arefresh operation, add four cycles if the PMI Bj select bit is: a 
1 and five cycles if it is a0. , | 


- If adata parity error or an anconeenblen Memory error occurs Aung: a write SRSHHON add o one 
cycle. 


= When the BM<3: TS idformnation changes between masked ate unmasked daring a write 
transfer, add one cycle. : 


« Add one cycle for each asynchronous transfer. 


Error handling —When DPE DPE is asserted, the CMCTL tests the data parity on CDAL< 31:00>. Ifa a 
data parity error is detected during an unmasked or masked transfer with no uncorrectable memory 
errors, the CMCTL writes the data and the incorrect check bits onto the PMI bus. The algorithm 
for generating incorrect check bits is specified in the Error Checking section. 


The CMCTL performs masked write transfers by doing a memory read and checking the data for 
memory errors. If a correctable memory error is detected, it is corrected before the memory write is 
completed. If an uncorrectable error is detected including the data on CDAL<31:00>, the 
CMCTL does not execute the write portion of the masked write. A memory read operation instead 
of the memory write operation does not change the data in memory. 


The ERR output is asserted to indicate uncorrectable memory errors and DMA-related data parity 
errors. A correctable error is reported as an interrupt by the assertion of the CRD output. The 
MEMERR output is asserted to indicate data panty errors resulting from operations initiated by the 
CVAX CPU. | 


Single fanueea dene a single transfer write operation, the CMCTL loads the address from 
CDAL< 31:00>, compares the address to the values stored in CSRO through CSR15, evaluates 
CDAL < 31:30> for transfer length and monitors the CS and DMG inputs. 


If the DMG signal is not asserted, the write cycle is CVAX-initiated and the CMCTL evaluates the 
BM <3:0> inputs to determine if the write transfer is masked or unmasked. An unmasked write is 
a dump and run operation to allow the CMCTL to keep up with an external write-through cache and 
not degrade the single transfer write performance. During a masked write operation, the CMCTL 
receives data from CDAL< 31:00> and asserts the RDY signal. If the DPE signal is asserted, the 
data is checked for parity errors. If no error is detected, a PMI bus write is initiated with correct 
check bits. If an error is detected, the CMCTL asserts the MEMERR output, a PMI bus write 
operation is initiated, and the data is transferred to the PMI bus with incorrect check bits... 
During DMA transfers, the DMG signal is asserted. If DPE is asserted, the data is checked for 
parity errors. If an error is not detected, the RDY signal is asserted, the CMCTL transfers the data to 
the PMI bus with correct check bits, and the CVAX bus is released. If an error is detected, the data 
is transferred to the PMI bus with incorrect check bits and the ERR output is asserted for two CVAX 
bus cycles. ; my 





Multiple transfers—Multiple-transfer write operations are performed as a page mode write 
operation to the PMI bus. The CMCTL loads a single address and performs multiple page mode 
memory data transfers (including check bits) from the CVAX bus to the PMI bus. Refer to the 
Addressing section for a description of the page mode. | 


During the write operation, the CMCTL receives the address from CDAL< 31:00> and compares 
the address to the values stored in CSRO through CSR15. It evaluates the CDAL<31:30> for 
transfer length, the CS and DMG inputs, and the BM < 3:0> inputs to determine if the transfer is 
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masked or unmasked. The RDY or ERR is asserted (depending on the error conditions detected) to 
enable the external logic to start the next data transfer. When the last longword has been written to 
the PMI bus, the CMCTL terminates the operation. ‘ 


Write unlock—The CMCTL performs a write e unlock operation ae to memory write operation 
except that it clears the lock bit. 


CSR read—A CSR read is performed similar tc toa a dingle-bransfer memory read operation except that 
operation cannot be aborted by the RDY and. ERR inputs: A synchronous. CSR read operation is 
completed within a minimum 1 of four cycles: Asyn zr CSR X read sia require additional 
cycles. : 


CSR Write—A CSR write Saemtion is peer AF as a ocgunpe ie pers A Pie 

nous CSR write operation is completed within a minimum of four CVAX bus cycles. An 
asynchronous transfer reqires additional cycle. Because CSR operations are unmasked, the 
BM<3:0> outputs are not used to validate the CDAL< 31:00> data during the actual CSR write 
operations. The CMCTL begins th the write fe operation by loading anc and checking the CDAL<31:00> 
address and by evaluating the CS and DMG inputs. If the DPE input is asserted, the data on 
CDAL< 31:00 > is checked for parity errors. If an error is detected, the write operation i is aborted 
and the ERR output is asserted for two CVAX ‘bus cycles. If an error is not detected, ; the selected 
CSR is loaded with CDAL< 31:00 > information and the, RI pap our is asserted: 





Bus Operating Modes : al eee 

When a DMA device is- one master cae che: CVAX bud “the. CMCTL. can eure ee either 
synchronously or asynchronously. The DMA bus operating mo le is controlled by the CS/DP3 line. 
When the CVAX CPU is bus master of the CVAX bus, the CMC" 'L response is synchronous with the 
CVAX CPU. 


Asynchronous DMA Mode—If CS/DP3 is not asserted during the first part of an I/O cycle initiated 
by a DMA device, the CMCTL responds asynchronously to the CVAX bus by monitoring the A AS.and 
DS inputs. Before the CMCTL starts the next operation, it waits s for a assertion #8 the AS AS before 
evaluating the CVAX bus to detetmine the next operation. The D Si befor 
the CMCTI initiates ‘a transfer. When the CMCTL acknowledge th 
ERR output and waits for the deassertion and subsequent assertion sae io betoi Sint mi nee to the : 
next transfer | aioe “esetelepe ? 











aiid write Semone DS must be dedsieeicid to  detenssine i CDAL< 31L0¢ 10> hi i vai id dat 
before performing the write operation. S riepedlin fee) - 
Synchronous Mode—All operations initiated by the CVAX CPU are ne The CMCTL 
responds synchronously during DMA transfers if the CS/DP3 signal i is asserted during the first part: , 
of an I/O cycle. During synchronous operations, the DS signal is ignored a TL does fe 
stall. Before starting a synchronous operation, the CMCTL checks for the assertion of BS. coe 






- Interfacing Requirements _ eae 

A typical CVAX system interface, using the CVAX 78588 CMCTL, is: oabioen' in Fig ure 9. 
CMCTL can control up to four DRAM arrays on the PMI bus: It. provides a anlocal mEMOEY 
reference for a DMA interface to initiate transfer from external bus devices. 
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MEMORY __ 
ARRAY UAL: 


MEMORY 


eis ARRAYO . | 










_MD<38:00> _| 
— MA<9:0> 
RAS<3:0> 







7 ‘I Deh Ceeet Meal ee: mead tail 












~ CVAX PIN BUS 









MEMERR 





] BUFFERED 


CVAX PIN BUS | __CVAX.PIN BUS . ' 





(sy NCHRONOUS) 1 | 
4 j RDY. F 










CLKREF | oexTerRNAL | 





SRE RESET : ‘y, ExT CACHE 


* (ASYNCHRONOUS) ) (sy CHRONOUS) ~ 
Sopas a 


| SYSRDY 





(pis -BUS, VAXBI BUS, OR OTHER DMA BUS 


Figure 9» CVAX 7 85 88 CPU eee ee Disco: 


Species 


The. mechanical, electrical, and. environmental Bh arasieri tice and specifications for ihe CVAX 
78588 are described in the following paragraphs. The test conditions for the electrical values are as 
follows unless specified otherwise. y Ao 


- Ambient temperature (T,): 70°C 





* | Supply voltage (Vpp): 4.75 V to 5.25 Vv 





a eee reference Wes) OV 


me Cake 


Absohite maximum ratings — 
Stresses greater than absolute » maximum tatings’ may cause permanent damage to a device. 
Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 3 

- Power supply voltage (Vpp): -0.5 V to 7.0 V 


Storage temperature (Ty): 255°C wo 125°C 


an en ae 
aa 











- Ambient temperature (T,): 0°C to 70°C 


: Package dissipation: 1.8 W 
- Input or output voltage applied: (V,.-0.5 V) to (Vpp + 1.5 V=7.0 V) 
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applicable for the i inputs and outputs. 


Symbol | "Parameter : 


1 es Highled 


- input voltage - 


(FTL) 
en 


aco os 


(TTL) 
(MOS) 


oe 


output voltage 


Vou (TTL) 


Von —S— High-level 


_ (MOS) 


Vor | Low-level 


70% @ Voo_ 


ae = rey pide cositiecadtasen 


(MOS) 


L, Input leakage 


Ib Output leakage: 


oErah. 


Ib —CActive supply 


-10 


bigs RIES Py? lise Dp dd 
i ] Prt 3 $ ‘ae 
a | et mee LAR 

en uy 


copleeeienes 


& “ Unit * 


08 


0.4 - 


10% Vop 


10 


i 50" 





to Table 1 for the pin qemnber: of the enale referenced i in 1 Table 18: (Table 9 lists d he test 


Table 18+ CVAX 78588'de Input and Output Parameters 


Test Rie eae 
~ Conditions © ati 


pi AEA Oe MA 
Vop=9.25 Vo 














ee 
, marth 25 ys snetsibars 





ee =o =70°C. 
— Vpp = 5: 25 ae - aa 
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‘Table 19 « CVAX 78588 de Test Summary i : pail Aaa alate 
a Applicable Test - soe ee 
Signal Name Vin’ Vi Vou! 1V’ L &L Vine Wa? Vou’ Vou? 


ae 
Ps 





~ 
va 
Pat Ps | PS | PS | 


CDAL31-CDALOO xX Xx Xx 


DPE > a Gears < 


ERR and RDY x xX x x 
MA9-MAOQ | 
MCLKA and MCLKB ee 
MD38-MD00 

MEMERR xX 

NIMR -_ eee 
RAS3-RASO 

RESET Xx x X 
TRIOUT x & x 
WE hi? bun ay] ge got Pe ee 
we oy , al — 
'TTL level 

*MOS level 


ac Electrical Characteristics alae | 

The ac load circuits used in the measurements of the ac parameters are shows in Figure 10 and 
summarized in Table 20. The input, and output pin capacitance is listed in Table 21. The test 
conditionsare : 


. ‘Temperature (T= 70°C 
= Vege 0 yu 


as 
- 

>e | 

Ps 


bd | bd | bd | be 


va 
m. 
PS 





© Vop = 4.75 v pamant as noted) 
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DUT PIN 


—— VDD 








CL = 130 pF 





vss vss 


-R = 40002 for DPE. 
DUT PIN = 2002 for MEMERR 


VDD 





= CL = 130 pF 
1 


a. = 


C 











DUT PIN. | 








DUT PIN Evel 
VDD 


= ov = 130pF | 
TT. 


VSS VSS 


VDD 








Ou : cL = TBS pF ges oP , 


vss VSS” 


Figure 10* CVAX 78588 ac Test Circuits. 






20 LE 
Signal 
CRD 
CDAL<31:00>_— 
NLMR .. .. 





Test. — 


Vor and Vo. 





—— 





 CS/DP3 
ie 
RDY 


Vox? and Voy 





DPE 

ce MEMERR j 
CAS <3:0> 
~MA<9:0>> 


Vor? and Vox, 


MD <38:00> — ae 


RAS <3:0> 
SE 





'TTL level — 
‘MOS level _ 
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2% ye ey. gre gt 
Bat A AM OR heb Bd 









32-35 D 
© 9A5,105-115, 
‘118-132,3-8 

38-41 


2-29 








Croc 


Crem 








Table 21 = CVAX 78588 Pin Capacitance 


Signal __ Requirements (pF) 
Min. Max. 
CVAX bus inputs _ —.. .. 10 
BM<3:0>, DMG, DS 
RESET, TRI OUT, WR 
AS — 15 
CVAX bus outputs — 10 
CRD, MEMERR, NLMR 
PMI bus outputs | — 15 
_CAS <3:0>, MA, RAS<3:0>, 
SE, WE : 
CVAX Bus input/output Ss ccmnptege es 10s 
CDAL <31:00>, DPE, 2 : 
CS/DP<3:0>, MD< 38:00 > , ek ees 
ERR, RDY a 15 
Clock input — 20 


Table 22 lists the signals that can be connected to Vpp through an external resistor. Refer to Table 1 
for the pin numbers of the signee listed. 





Signal 


CS/DP3 


DPE | 


ERR 
MEMERR 


RDY 


Min. © 


200 


64k 


200 
200 


200 


Max. 


620 


_ Table oy - CVAX 78588 External Resistor Reem 
Resistance Q 


Remarks 


_ Accommodates asynchronous DMA devices that det not aie 
| this pin. 


Used as a passive pull-up tae external logic that may be wire 


ORed to this input. Larger value may be used if the passive 
pullup timing can be met. 


‘Required for external logic. — 


Used as a passive pull-up for external logic that may be wire 


—ORed to this input. Larger value may be used if the passive 
pullup timing can be met. 


- Required for external logic. 


ac Synchronous Characteristics a 
A subset of the CMCTL operations is used to aia! the eee timing for the CMCTL pagnae The 
ac test conditions are 


= Supply voltage (Vpp): 4.75 V 


- Ambient temperature (T,): 70°C 


2-30 


Confidential and Proprietary 











* Vin (MOS) =90% Nie 








: V, (TTL)=0.8 V 
+ Vi (TTL) = 2.0V_ 


Table 23 lists the input t signal « timing parameters aad Table ae list ‘the output signal a 
parameters. : 


Table 23 = CVAX 78588 Synchron 





Requirements ia 
Symbol Definition Min. Max. 


coor rat tee eatentncereeaemeeaeiomrainon damadenneeeedneeniememenresiaamneminnemnemesangenen ant ansimnenaitiainiatnetemmemneeammemenmneamt naniamsaameenansesmniammmmnninanisaammamnnimanaataianimmtmnenaigientmmennnamieneenmeteaamiaidsemmmneniannmeisesammmntiemesntimnaaemenisemmtedonmenemenmannseinnmeemmmenesmemnmmndtintnenedamimmsemeeidaesaninneitteipaieinneteaiommmteidlemsimenmnmnennetoaensaeieecsacidememnnnstinmmlonmesonesininenaseannineniogeenemeneneiniainmeteneamiomeidsoaieneantansaamniainmmmenieniahinnl 
tie AS pane 2 ia, yar 
; ree erie 'SULKAYV UD VEO 6 le ee be iy Sea | 








ta ok ies 0 - hold ——0 ~ 
tec External clock cycle atta bh6d FOSObnus HHA <a Os 








ten ~ MCLKA to MCLKB delay | “EOS 2405 a 
ton External clock high i5l OF > ZA 35 — 

Con External clock low isle’. TAT band Waa: 55 ee 

tor ‘External clock rise/fall : | | 

css CS setup | | 
tcsu © CS hold | Hin cae Oe ee 














toas CDAL address setup supghooticighd 2A5T brie IF ot 2 ) 
we Teo de : — — 
ts 2tC(‘<‘~ CALS data seh «lcd OME RFC COOSA casey 
tox -CDAL data hold eS ep Oa. 











tens “ERR and RDY hold dg < 00-86 > IML 
tps °*DP and DPE setup bg. < 00-86 fo Ua ! 
ten -DP and DPE hold : ish S97 bes FE 








tpmas MD <38:00> setup 0 weleb end a 
tem PMI bus input hold Oo! <P > AR 


tes Reset input prior to Pl | setup EEG 9G i BADACS or TA tee 10 





tay... Reset.input width. Ded distaste peut eign et og OU Sacer eens 





tss Strobe setup ne PoE 
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i - | een haces “ aoe Requires tas), ONT 
Symbol Definition Min. Max. 


. eae Aaa : pans 
ne AS and DS synchronizer setup 10, a er 
bine bes AS and DS synchronizer hold " 7 a ‘ “10 a . ite - ) 
tes WR setup 25 _ 

tw WR hold | eee 0 —_ 


*To be continued 


Table 24 » CVAX 78588 Synchronous Output Timing Parameters 


Requirements (ns) 
Min, Max. 


—_ AS to ERR and RDY hold time O: role oer. 3/25 
tisnn -—s—s‘<SsSAS SS: to. NLA deel pio ls Bk yN25 
Coast CAS < 3:0 > low whe 70* Pan hoe 


Symbol Parameter 


tcmnp 
tppp © 
toserp 


tpysppx 


tpspH 


tern 
tMACASH 


tmapmtis 


tmMaRASH 


tu DD 


tmp 


tpp 





temip 


trast 


testo 


“PMI bus delay — 
RAS <3:0> low 
RESET to CDAL<31:00>, CSDP<3:0>, 0 — 


CDAL< 31:00> delay 
DS to ERR and RDY delay 
DS to CDAL< 31:00 > high impedance 


DS to DP and DPE high impedance 


ERR and RDY delay 


-MA<9:0> to CAS <3:0> hold 
-MA<9:0> to strobe setup 


MA<9:0> to RAS <3:0> hold 


MD <38:00> delay 
MD <38:00> hold 


DP and DPE delay 


AAMT — OO CAT NN: § — MERIT 


150* ing 


208 o:5 


yg 


~CRD, MEMERR and NLMR delay whe, tae oe DS 
“320 
ee 
225 
V2) 
— 30 


— 30 
25 
GD5 





*Preliminary values subject to change ~ 
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Preliminary 


Clock Input Timing 
Figure 11 shows the MCLKA and MCLKB external clock i input timing for synchronous operation of 
the CMCTL. The timing parameters are listed in Table: 24. - 


SARARAY 


tcr® oa e—-ICR Pitch he 1~3€L fom 4 tcp 
i j } : 





~ Figure 11 « CVAX 78588 Clock Input Timing 


Initialization 
pais 12 shows the RE RESET i input timing for intalizng of of tie CMCTL for Seep operation. 


=| —| ehh, jak | Jes 
ia IRS | 
cs 


Figure 12 « CVAX 78588 Initialization Timing (Synchronous Operation) 





RESET 

















CVAX Bus Reset Timing ei fh aeners aes es iin — 
Figure 13 shows the relationship of sis RESET T signal to the ‘CVAX bus: siheeadte When RESET is 
asserted, CDAL < 31:00 >, CS/DP<3:0>, DPE, RDY, ERR and MEMERR outputs are asynchron- 
ously set to a high apedaace and CRD and NLMR NLMR are asynchronously deasserted. 


RESET 


CDAL<31:00> 
CSDP<3:0> ; 
DPE 
RDY/ERR, ( 
MEMERR 1 


CRO.NLMR 


tRSTD 


Figure 13» CVAX 78588 CVAX Bus Reset Timing 
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Prefinitraniyil:1 CVAX 78588 - 


Synchronous DMG and AS Timing SMES EE FETE 25 
Figure 14 shows the phase timing of the DMG and AS inputs during a ofridtinoefond D DMA operation. 
The timing relation of these signals is the same for a CSR or memory operation. The CS/DP3 input 
selects synchronous or asynchronous DMA operation. 


CVAX BUS 


MCLKA 


MCLKB ° 





| ICSH 
1 ei ee Geter: Apel ie, TORS 


CSPD3 DATA OPTIONAL PARITY CVAX STATUS 


Figure 14 * CVAX 78588 Synchronous DMG and AS Timing 


CPU or Synchronous DMA Read Operation Timing __ | 

Figures 15 through 21 show the CPU or synchronous DMA read timing for the various transfer 
operation. For all operations CDAL < 31:00 > selects single or quadword transfers, CS/DS < 3:0 > 
selects no read lock and the PMI cycle is 4/2 selected by the control and status register CSR17. For 
additional information on read lock, refer to the Operations section. Refer to the Register section for 
information on the PMI cycle select functions of CSR17. 


Single Transfer Read (no memory errors)—Figure 15 shows the phase timing for a single transfer to 
a CSR or a memory read operation with no errors detected. The phase timing telationship } is not 
shown in the following slagrams ae it is different. - | | 
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evaxeus 


MCLKA 


MCLKB 


CDAL<31:00> —- 


CSbP<3:0> 


"AS 


BM<3:0> 


ROY 





p3 | pa | et | p2 [ies | eae} 





toSDDH 


{ apopress ) 


'DAS: 


css 























tERD 


_SOSERD 


TASERH © 


Figure 1 5 = CVAX 78588 CPU or Synchronous DMA Read Timing (Single—No Memory Error) 
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Quadword Transfer Read (no memory error)—Figure 16 shows the phase timing for a quadword 
memory read operation after the AS signal is asserted with no memory error detected. 


; Pt P2 P3 P4 Pi 


a 
BD 
ae] 
is 
u 
F-4 










CVAX BUS , P1 | P2 | } | Pa Pi | p2 P3 | Pa | 
| | : 
MCLKB 
| | | ‘osoDH 
Dp RE ey 
CSDP<3:0> KA PARITY | pany | { starus_) 
OPE > PARITY VALID Vea STATUS 
= z 
DS 
| 'BH 
BM<3:0> wee 
Wr 


| pe— 'DSERD 
teERD - | as TASERH 
RDY | 


Figure 16 » CVAX 78588 CPU or Synchronous DMA Read Timing (Quadword—No Memory Error) 


Single Transfer Read (uncorrectable memory error)—Figure 17 shows the timing for the ERR 
output during a single transfer memory read operation with an uncorrectable memory error. The 
memory read operation is terminated when the ERR signal is asserted indicating that an 
uncorrectable error was detected. This timing is similiar for quadword, hexword, and octaword 
transfers. 
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Preliminary: CVAX 78588 - 
ins PI P2 | P3 P4 Pi fl P2 P3 P4 2 CYCLES "I Pt ! P2 P3 | a Pi | P2 P3 a | P41 | i. P3 P4. | 
CDAL<31:00> | ; = ae) 





a 


gl 








tERD—oy 'DSERD 
eo ae | taSERH 
ERA | 


Figur 17+ C VAX 78588 CPU or Synchronous DMA Read Tinie. 
Gingle— Uncorrectable Memory Error) 
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78588. 


Single Transfer Read (correctable memory error)—Figure 18 shows the timing for the CRD and 
RDY outputs during a memory read transfer with a correctable memory error detected. 


CVAX BUS 
MCLKA 
MCLKB 

CDAL<31:00> 
CSDP<3.0> 


DPE 


BS 


BM<3:0> 


eo 


pi | p2 | ps | pa | pr | p2 | ps | pa |op1 | p2 | P3 | pa | Pt 







ADDRESS 


STATUS. 





tpSERD 
tERD aa a taSERH 
tcMND r tCMND .- 


Figure 18 = CVAX 78588 CPU or Synchronous DMA Read Timing (Single—Correctable Memory Error) 
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Quadword Transfer Read (correctable memory error)—Figure 19 shows the Phase timing bse a 
| quadword memory read after the AS input is asserted with 2 a ‘correctable 1 memory error detected. 


CVAX BUS 


MCLKA 


MCLKB 


CDAL<31:00> 


CSDP<3:0> 


DPE 


Bl 


RDY 


CRD 


P4 Pi P2 | PS P4 P3 [| P4 Pi P2 P3 | P4 | 


nee 





AL ALA 
a) 


; = C1 a tpSDDH 
(| CORRECTED DATA 









ERROR DATA = 


Lie > 


4 
> cc, Cee 















tpSERD 


—>| je 'AaSERH 


tCMND 


Figure 19 : CVAX 78588 CPU or Synchronous DMA Read Timing 
( Quadsword-Comectable Memory Even) | 


aw. 
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- Single Transfer Read (address miss NOP)—Figure 20 shows the timing ‘for the NUIMR R output 
during a CPU or DMA single transfer to a CSR or a memory read operation when the address on 
CDAL < 31:00 > is not within the programmed range of the CMCTL. 


: |} Pi P2 P4 Pi | P2 P3 P4 Pi P2 P3 P4 Pi P2 ‘P3 | Pa P14 P2 P3 | P4 
CVAX BUS fa ~~ 


= ON Ne A ae ey 


cae : ee I gl a a 


tCMND : tASND 
“NUMR 


Figuew 20* CVAX 78588 CPU or Synchronous DMA NOP Timing (Address Miss) 





CPU Single Transfer Read (abort) —Figure 21 shows the timing for the ERR and RDY inputs during 
a CPU single transfer memory read operation initiated by the CPU when the address on 
CDAL < 31:00> is within the programmed range of the CMCTL. The ERR or RDY signals are 
asserted by external logic in time to abort the operation. 


’ | [LP iP ) | p2 | p3 | pa |] pr | p2 | | pr] ep ‘a 
CVAX BUS pi [ p2 | p3 foes | ptf p2 | es | pa | pr | 2 |} pi | p2 | p3 | pa | p2 | p3 | Pp 






MCLKA 

MCLKB ; ; 
CDAL<31:00> ADDRESS EXTERNAL LOGIC DATA ADDRESS 

AS 
tERS 
| fe-tenH 

INPUT 

= </ 

RDY 


LAST SAMPLE WINDOW TO ABORT CMCTL. 
FIRST SAMPLE WINDOW TO ABORT CMCTL. 


Figure 21 « CVAX 78588 CPU Memory Read Abort Timing (External Logic) 
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CPU or Synchronous DMA Write Opera 
Figures 22 and 23 show the phase timing for the CPU or a Pee DMA write operations. 


Single Transfer CPU Write (unmasked)—Figure 22 shows the timing of the MEMERR output. 
This is an open-drain output and requires an external pullup resistor connected to V3: Other 
timing considerations are the same as shown i in Figure 23. 


| + P P 1 p j f 4 j. = a) P4 pq pes Se of ; : 'p i { 
CVAX BUS ‘a P2 | P3 P4 | PI [ P2 P3 | P4 | Pi P2 | = P3 Pi P2 | PF | Pa Pi P2 _P3 Pa PI P2 P3 | Pa 


' MCLKA ~ 





MCLKB..\.- 


AS 

DS 

RDY 
tCMND 
_ ‘MEMERR | |/ (SEE NOTE.) 





NOTE: 
THIS IS A-LOW-CURRENT PULL-UP.ITS TRANSITION. TIME FROM. THE ASSERTED TO.THE DEASSERTED 
STATE IS NOT GUARANTEED, 


- Figure 22 * CVAX 78588 CPU Write Timing (Single—Unmasked) 


Quadword Transfer DMA write (no error) —Figure 23 shows the timing for synchronous quadword 
unmasked write operation when no parity errors are detected on the CDAL < 31:00 > data. Whena 
parity error is detected, the ERR ERR signal is asserted instead of the RDY signal and at the same time. 
When ERR is asserted, the DS input must remain asserted for.an additional cycle before it is 
deasserted to start the next data transfer. The timing for the ERR signal is the same as the 
synchronous read operation. The timing for a masked write operation is similiar t6 the unmasked 
write timing except that one or more slip cycles occur after AS is asserted and until the RDY or ERR 
signal;is asserted. There are also more error conditions. Tabl 5 lists the number of slip cycles 
added in relation to the type of write operation and error condition. The. CRD, ERR, oe RDY 
signals are asserted for the same duration as for a memory vedi es a 








Corntidentédl acl Prope 











CVAX BUS 


MCLKA, 


2 0. MICLKB 







CDAL<31:00> { appress <= 6 aa en ( patavauio VALID 





STATUS 6 G.. ( rarity KK PARITY 


re - 


CSDP<3:0> 
pes 


( arityvauin VALID 





BM<3:0> 


Figure 23 = CVAX 78588 Synchronous DMA Write Timing (Quadword—No Error) 


| Table 25 CVAX 78588 Write Operation Slip Cycles 





Slip cycles. inh. tegen Panes % Output 





Write operation 7 m4 5 pee type. - _, from RDY (ns) asserted. 
Unmasked’ Paes be none | ek ta ee > _ RDY 
ee ete ne ae bus parity eee | ss ae ee ERR 
First transfer masked? : . none enite “Eg ie Atee = 200 Leet . .. -RDY 
correctable 4t.-= 200 RDY and CRD 
uncorrectable 4t.-=200 ERR 
Second transfer masked? — none 6tcc = 300 RDY 
correctable 6tc. = 300 RDY and CRD 
uncorrectable 6tcc = 300 ERR 
bus parity 6tcec = 300 ERR 


‘Add 2t.-¢= 100 ns to all transfers except the first if the previous transfer is masked. 
?Add 2t¢c = 100 ns if the PMI cycle select bit of CSR17 is set. 
>Add 2t¢c¢= 100 ns to all transfers except the first if the previous transfer is unmasked. 
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Preliminary — 


_PMI Bus Timing 
Figures 24 through 33 show the timing of the PMI bus during a reset aon ad during read 
and write operations. The timing shown is a result of the PMI cycle select bit being set and no 
errors being detected. When the cycle select bit is cleared, the CAS <3:0> outputs are asserted 

for an additional microcycle during a memory read operation or during the read portion of a 
masked write operation and the RAS <3:0> and SE outputs are asserted for an additional cycle 
during-a memory refresh operation. No timing conditions on, the CAS<3:0>, MA<9:0>, 
RAS <3:0>, and WE outputs for an error condition are not critical and are not specified, 


The timing for multiple masked write operations is similar to a single masked write, Figure 28, 
except that the RAS<3:0> outputs are asserted bee the aaa For the read signature 
operation, the RAS <3:0> outputs are negated... : 


During memory refresh, Figure 34, the CAS <3: o> and WE ‘ouputs are negated | and the 
MD <38:00> lines provides the command. ~ 


The synchronizer timing for. asynchronous DMA operations, Figure 34, is used oo“ atid 
ing test to determine the asynchronous cycle response time of CMCTL. 


RESET—Figure 24 shows the timing of the PMI bus signals with respect to the RESET input. 
When RESET is asserted, all’ PMI°outputs are asynchronously negated. The RAS<3:0>, 


CAS <3:0>, WE, and SE outputs are negated and then asserted for the first pass of the CMCTL 
chip. 
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Figure 24 = CVAX 78588 PMI Reset Timing 
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_ Figure 25» CVAX 78588 PMI Read Timing (Single Transfer) 
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Figure 26* CVAX 78588 PMI Read Timing (Multiple Transfer) 
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| Figure 28 » CVAX 78588 PMI Write Timing (Single Masked Transfer) 
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Figure 29 » CVAX 78588 PMI Write Timing (Multiple Unmasked Transfer) 
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Figure 30* CVAX 78588 PMI Write Timing (Multiple Unmasked and Masked Transfer) 
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Figure 31 » CVAX 78588 PMI Write Timing (Multiple Masked and Unmasked) 
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Figure 32* CVAX 78588 Read Signature Timing 
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Figure 33 * CVAX 78588 Memory Refresh Timing 
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Figure 34» CVAX 78588 Synchronizer Timing for Asynchronous DMA Operations 


ac Asynchronous Characteristics 

A subset of the CMCTL operations are used to specify the asynchronous timing for the CMCTL. 
Table 26 lists the asynchronous input timing and Table 27 lists the easyncimoncus output timing 
parameters. | | | 


Table 26 » CVAX 78588 Asynchronous Input Timing Parameters 


Symbol Parameter Requirements (ns)! 
Min. Max. 
fice. AS to DMG lead time 0 
Pianens AS to DS read lead time 50 Ate? 
renner AS to DS write lead time 50 Qe 
tice: AS high width 100 — 
oes AS low width bee | oe 4000 
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Symbol Parameter | | Requirements (ns)' 

= Min. Max. 
tava AS to BM<3.0> and WR hold 0 Pe 
Tasks Input to AS setup | 20 — 
eee CS/DP3 to AS setup - oe 40 — 
ee Input to AS hold | | 20 — 
toigees DMG to AS lead time | ote | 100 0 = = 
tac DS to KS lead time 0 | e 
fin.) DS todatadelay | | a er! 
ene DS high width 175 — 
a DS high width | 20 = 
thee: DS low width : 2 = 4000 
't=50 ns. —— 


?The lead time that results in an AS memory read access relative to DS without synchronization slip 
cycles. 

The lead time that results in an AS memory write relative to he DS yalene! shai t synchronization 
slip cycles. 

‘The minimum occurs during an wea miss and. tesiilts 3 in assertion of ~ NIMR signal a a 
minimum of 25 ns (0.5t¢,). The maximum ensures proper refresh timing for dynamic RAMs 
5When the ERR signal i is asserted, the DS signal must remain ea for 100 ns ae nerore it is 
deasserted. | : a | 


Table 27° CVAX 1838S Agyacksoope Output Timing Parameters 








Symbol Parameter _ | ore soe Ragpicemense (ns)! scewoed a: , PMI ~ 
Min. Max. Condition’, | cycle. 

taserH AS S to ERR and RDY hold» OO a : 2 a ene Sen , 

tasnep a to NLMR iow w delay OR 25tee >. 245Sitee 

teas DS to ERR and RDY delay Deena? 225 

tow — Output low width — 100 a 

fess Read AS to output delay | el 6.5tec «18. 5te¢ N 4/24 
B.5tco —s«*dO.Stee «SCC 4/2 
8.5 tec 10 Dts U 4/2 
8.5tec dtc. N 5/3 
10.5t¢¢ 12 Ste C 5/3" 
10.5te¢ 12. 5Btee U 5/3" 
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Symbol Parameter Requirements (ns)! Errot/) PMI — 
aoe | | Min. Max. Condition’ cycle 
trpsop Read DS to output delay Zotac aS tcc N 4/2 1-4 
4 Stee 6.5tce C. 4/27 
4 Stee 6.3 tee U 4/2 
Zee 4 5S tee aa N agar" 
4 5 tec Go tee C 5/379 
4 tec 6.5 tec U 3/3" 
twasas Write AS to output delay 4 5Stec Gtx unmasked : 
Stee 103i masked 4/2? 
: | 10 Ste 12 Dtec | masked | 5/31 | 
twpsop Write DS to output delay 2 Dee 4 5Stee unmasked 4,811 
25 tee 4.5tcc masked Ist 9,11 
transfer 
8.5 tee 10-5be masked 2nd 4/2511 
| transfer. 
10.5tec «12.5 tee = masked 2nd 5/351 
| | second | 
transfer 
‘t=50 ns. 


?N =none, C = correctable, U =uncorrectable pea | 
*During the first transfer of a read (no lock), the output delay i is aetathiel by DS DS chen tic is 
- greater than 4tc¢, and the output delay is determined by AS when taspspx is less than « or equal to 


Atce. 


‘During the est Me oe of a read fisels: the output delay is determined i DS ties fexces 1S 
greater than Gt,, and the output delay is determined by AS when taspsaz is less than or equal to Gt¢¢. 
Add 2t¢¢ ns to tasop for a read (lock). 


"During the second, third, or fourth transfer of a See transfer operation, the output delay is 
determined by DS. 

“During multiple transfer reads, the specified an ie are ss if the Ene from the previous 
RDY assertion to DS assertion is greater than 1.5t,¢. If the delay is less than or equal to 1.5tc¢, then 
the delay from the previous RDY to the next RDY is equal to 4t¢¢. 

"During multiple transfer reads, the specified tansop values are used if the delay from the previous 
RDY assertion to DS assertion is greater than 3.5tcc. If the delay is less than or equal to 3.5t¢c, 
then the delay from the previous RDY to the following RDY is equal to 6tcc. 

‘During the first transfer of an unmasked write, the output delay is determined by DS when taspsw1 
is greater than 2t¢c. The output delay is determined by AS when taspswr is less than or equal to 2t¢c. 

*During the first transfer of a masked write, the output ut delay is determined by DS when taspswr is 
greater than 6tc,. The output delay is determined by AS when tyspswr is less than or equal to Gt¢e. 

Add 2t¢. to the AS to DS delays in notes **? when PMI cycle select bit is set. 

“Add 2tc< to twpsop OD a multiple transfer write if a masked write is followed by an caaciad write 
or if an unmasked write is followed by a masked write. 
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Preliminary 


Asynchronous DMA Timing } 

Figures 35 through 37 show the asynchronous timing for a direct memory access (DMA) transfer 
with no errors detected. The timing of the DMG and AS signals is the same as for a read and a write 
Operation. 

During the memory read operation of the single transfer memory or CSR read transfer, Figure 36, a 
single transfer and no read lock is specified and the PMI cycle is 4/2. No memory errors occur. 
During the asynchronous quadword unmasked write opeation, Figure 37, if a parity error is 
detected the ERR signal would be asserted instead of the RDY signal and at the same. When the 
ERR signal is asserted, the DS signal must remain asserted for an additional. cycle before it can be 
deasserted to start the next data transfer. The timing of ERR is the same as an asynchronous read 
operation. During. masked write operations, the type of error does not affect the assertion time of 
RDY or ERR. These signals are asserted at the same time when no error is detected. 


Figure 38 shows the timing of the NLMR output during a read or write operation where the address 
on CDAL < 31:00 > is not within the programmed range of the CMCTL. 





. tASIH . 
CSDP3 / | | , OPTIONAL PARITY _ CVAX STATUS 


Figure 35 » CVAX 78588 DMA Transfer Timing (DMG and AS Signals) 
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Figure 36 = CVAX 78588 DMA Read Timing (Single Transfer) 
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Figure 37 = CVAX 78588 DMA Write Timing 
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Figure 38 = CVAX 78588 DMA Address Miss Timing (NOP) 


Mechanical Configuration 
The physical dimensions of the CVAX 78588 132-pin package are contained in the Appendix. 
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- Features . 





; 32. bit CVAX bus to 16- bit Q22 -bus interface ae, 7 oo : i ine ; | . : - os 





= Integral Q22-bus transceivers 


« 16-entry cached copy of the external 8 K longword scatter and gather map 





" Performs scatter and gather operations and map control and address translation : 





° Powerup,. initialization, powerfail, and. paweldown control. 


« Integral address decoding for internal registers, scatter and aie map iecousis, and Te ‘bus 
references 


» MicroVAX II-compatible doorbell register ak 2. oe 4 : ES 


= Two Q22-bus octaword write buffers and a euaderatd veal buffer joey 





- Transparent alignment of 32-bit and 16-bit data transactions’ 

: Longword, quadword, hexaword, and octaword CVAX bus DMA transactions 
: Q22-bus nonblock and block-mode transaction support 

= Q22-bus arbiter or auxiliary mode operation 


. Single 5-volt power supply 


. Description 


The CVAX 78711 Q22-bus Interface Chip (CQBIC) is an asynchronous interface ied as use 
between the 32-bit CVAX 78034 CPU and its internal memory and the 16-bit Q22-bus. Figure lisa 
block diagram of the CVAX 78711 CQBIC. 


ARBITER AND 
INITIALIZATION 


SCATTER AND GATHER 
MAP CONTROL 
{CMAP} 


| SLAVE. jt ond Ef SLAVE 
CVAX BUS (5) PRIORITIZE ) os. £022-BUS” =, 
CONTROL a | a | CONTROL 





LEGEND: oo anes 
“ADDRESS AND DATA PATHS 


——/€€. € ON TROL PATHS 


Figure 1» CVAX 78711 Q22-bus Interface Block Diagram 
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_ The CQBIC performs the necessary address mapping and 32-bit and 16-bit data alignment. The 

~CQBIC can function as the Q22-bus arbiter or as an auxiliary device. The CQBIC contains scatter 
and gather map translation and control logic, a 16-entry cache of the external 8 K longword 
mapping registers, a system configuration register, a DMA error register with master and slave 
address error registers, a MicroVAX II-compatible doorbell register and Q22-bus transceivers. The 
CQBIC uses a single 5-volt power supply, is available in a 132-pin surfacemount ceramic package, 
and dissipates less than 1.5 watts of power. 


- Pin and Signal Descriptions 


This section provides a description of the input and output signals and power and ground 
connections used by the CQBIC. The signal pin assignments are shown in Figure 2 and summarized 
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Figure 2» CVAX 78711 Pin Assignments 
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Pin 


18-22 


24-26,28, 


29,32-36, 
38-42,44 45 
63 

62 

61 

65 

64 


60 


a7 


oo ‘ 


BDMR 


BHALT 


BREF 


BDCOK 
BPOK 
BSACK 


BDOUT 


—Input/ Output 
| Input : 
Input/Output 


Input 


Input 


~ Input/Output 


Input/Output 





Table 1 CVAX 78711 Pin and. Signal Summary 
Input/Output 
BDAL<21:00> Input/Output 


Definition/Function 
Q22-bus Data/Address Lines—Time multi- 


plexed, bidirectional data and address lines. 


G2, bias DMA Request Request bus n master- 
ship for DMA transfers. | 


Q22- bus Halt—A CPU balks request by way of 
the HALTIN signal. 


Q22- bus reference—A = used to coordi- 
nate block-mode transfers. 


Q22-bus DC OK—Indicates that the 2 dias de 
power is stable. 


Power OK—Indicates that the primary ac 


power to the system power.supply is normal. 


Q22-bus Slave Acknowledge—Indicates that a 


DMA device is bus master. 


Q22-bus Data Output Strobe—Indicates a 
data output transfer with respect to the bus 
master and valid data i ison BDAL< 15:00>. 





a1 


56 
55 


54 


ey, 


D2 


‘BRPLY 


BDIN 


“BSYNC 


BWTBT 


BIAKI 


- BIAKO 


— Input/ Output 


Input/Output 


— Input/ Output 


Input/Output 


Input 


Output 


Q22. bus Reply A euobe to indicate that ie 


slave device has transferred the requested data 
to the bus or has accepted data from the bus. 


Q22-bus Data Input—A strobe to indicate that 
an input transfer with respect to the bus master 
is in process or that an interrupt operation is 
taking place. 


Q22-bus Synchronizer—Indicates the start 
of a bus transfer and a valid address is on 


BDAL< 21:00>. 
Q22-bus Write and Byte Select—Provides bus 


cycle control. During the address portion of a 
bus cycle, it indicates an output cycle. During 
the data portion of a bus a it indicates a 
byte transfer. ! 


_Q22-bus Interrupt Acknowledge In—Interrupt 


acknowledge daisychain input. 


Q22-bus Interrupt Acknowledge Out—Inter- 


_ rupt acknowledge daisychain output. 
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Pin 

70-73 

49 _ 'BBS7 

48 BDMGI 

47 BDMGO 

46 BINIT 
79-82, CDAL<31:00> 
84-90, | 
92-98, 

100-107, 

109-115 

120-122 CSDP<2:0> 
7 AS 

14... BM<3.0>_ 
6 WR 

ue  ‘SYSRDY 
10 ya... SYSERR- 

12 DMR 

3 DMG 
124-127 IRQ<3:0> | 
2-58 


°) Input 





Preliminary — 
Input/Output Definition/Function 
~ Q22-bus Interrupt Reciest lines—Interrupt 
ees request lines for Q22-bus devices. 
Input/Output Q22-bus Bank 7 Select—Indicates an I/O page 
reference or block-mode transfer. 
— Input/Output Q22-bus DMA Grant In—The DMA grant 
| daisychain input. 
Input/Output Q22-bus DMA Grant le DMA grant 
ae daisychain output. 
Input/Output Q22-bus Initialize—Q22-bus reset signal. 
Input/Output CVAX Data/Address lines—Time multiplexed, 
bidirectional data and address bus. 
Input/Output Control Status/Data Parity—Provide status 
| information about bus cycle. 
Input/Output CVAX Address Strobe—CVAX system address 
| strobe. ‘ 
Input/Output CVAX Data Strobe—CVAX system data strobe. 
| Input/Output CVAX Byte Masks—Identify the bytes of the 
pao * CVAX bus and parity bits that are valid. 
| Input/Output CVAX Write—Provides read and write control 
— for the bus. . 
Input/Output CVAX Sern ne ee normal termi- 
nation of the current bus cycle. Used with the 
SYSERR signal to request a retry of the current 
bus cycle. - | 
Input/Output CVAX System Error—Provides abnormal ter- 
oa mination of the current bus cycle in the event of 
an error. Used with SYSRDY to request a retry 
of the current bus cycle. 
| Output CVAX DMA Request—Requests the bus for 
sine n DMA transfers. 
Input CVAX DMA Grant—Grants the bus fora DMA 
| : transfer. 
Output CVAX Teceerape Request fine “These lines are 


used to pass interrupt requests to the CVAX 
CPU. 
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Definition/Function 


Pin Signal 





15 MEMERR Output | CVAX Memory Error—CQBIC requests an 
| interrupt for a nonexistent memory error. 
128 PWREL ~ Output _.._ CVAX Powerfail—Indicates a ‘powerfail condi- 
7 | bE ws tion on the Q22-bus. fa 
14 CCTL Output = CVAX Cache Control—Provides the means to 


invalidate CVAX cache entries when the ens 
accesses local memory. : 














129 SYSRESET Output System Reset—Initializes CVAX CPU during 
| the powerup sequence. : 

16 HALTIN Output. _—Halt—Halts the CVAX cu. tt 
1e * AUR 08-0 Ep Bok tote Auniliary—Selets the operating théde of the 
i IORESET Input - ay 10 Reset—Resets devices on the CVAX bus and 

| | —_— Q22- -bus. a | : 
131 NCQBICR Output _—_—«CNNot CQBIC, fr aera ers ae that. ae 
| were _address on the CVAX bus is not for the, CQBIC. 
23. 7 SEAKE . Input © >: Interrupt. Acknowledge: In—Enables. the 
ag OT le -».. EQBIC to respond to aninterrupt ee ere 
cycle on the CVAX bus. Th 

aan ‘NEMR- si Input' ———sNot Local Memory Reference—Indicates that 


the address on the CVAX bus is “not a Tocal 
memory address. © | 





BO RINIT _ Output . : | Receive Taiialize Initializes nye CVAX bus 

| oO and brings system toa predetermined state. 
76 | TB40M — Input = 40-MHz Clock—The 40-MHz TTL clocki an 
7° 2! CLKOUT ~~ Output > Clock Out—This output is used fort test during 


manufacturing of the CQBIC. 





BBLS ag a oe ial 
108,119 


17,23,27, Vs. ~~ Input’ ~~~ Ground reference. 
31,32,37, 7 ae ee a ee oe 





43,50,58, 
68,75,83, 
66 Venus ss—(<isi‘i‘é put’ ——s«Q22-buss Bias—Provides the bias voltage: for 





-.Q22-bus transceivers on the CQBIC.:) 
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Pin Signal -—-—- Input/Output _Definition/Function 
69 EXTCAP |. Input External Capacitor—Provides a 100 ms delay 


of the BDCOK input when 1.0 pF external 
capacitor is connected to this pin. 


74 TEST Input Test—Used for test during manufacturing of 
the CQBIC. 


Q22-Bus Signals 

Q22-Bus Data Address Lines (BDAL<21:18>)—These lines are used to transfer address 
information between the CQBIC and the Q22-bus. 

Q22-Bus Data Address Lines (BDAL< 17:00>)—These time-multiplexed lines are used to 
transfer address, data, and parity control information between the CQBIC and the Q22-bus. 
During address protocol, BDAL<17:01> transfer address information and BDALOO specifies a 
high or low byte during DATOB and DATIOB cycles. During data protocol, BDAL< 17:16> transfer 
parity control information, and BDAL< 15:00> transfer data. 

Direct Memory Access Request (BDMR)— This line is asserted ra the CQBIC or another device on 
the Q22-bus to request bus mastership. 

Processor Halt (BHALI)—This signal, when asserted, requests a CPU Halt through the HALTIN 
output. The CQBIC asserts the HALTIN signal if it is enabled by the SCR register. _ 

Block Mode Reference (BREF)—This signal is asserted or deasserted with the BRPLY signal by 
block mode slave devices to indicate to the bus master that the slave can accept another block mode 
data in (DIN) or data out (DOUT) transfer. 

DC Power OK (BDCOK)—This is a power supply generated signal that is asserted when sufficient 
dc voltage is available to allow reliable system operation. It used as part of the powerup and 
powerdown protocol and boot protocol. 





AC Power OK (BPOK)—This signal is asserted by the power supply when the primary ac power is 
normal. If the signal is deasserted during processor operation, a powerfail trap is initiated. This is 
part of the powerup and powerdown protocol. 

Slave Acknowledge (BSACK)—This signal is asserted by a DMA device adie) it becomes Q22. bus 
master. The device will assert this signal while it is bus master. When the device has completed 
using the bus, it deasserts BSACK. 


Data Output (BDOUT)—This signal is asserted by the Q22-bus master to indicate that an output 
transfer, with respect to the bus master, is in progress and that valid data is on BDAL< 15:00>. 
This signal is deskewed with respect to the data placed on the bus. 





Reply (BRPLY)—This signal is asserted by a Q22-bus slave device in response to the assertion of 
the BDOUT or BDIN signal or by a device responding to an interrupt acknowledge (IAK) transfer. 
When BRPLY is asserted in response to the BDOUT signal, the slave device has read the data from 
BDAL < 15:00>. When it is asserted in response to the BDIN signal, the slave device has placed 
the requested data on BDAL < 15:00>. When BRPLY is asserted during an IAK transfer, the device 
responding to the interrupt has placed a vector on BDAL< 15:00>. 

Data Input (BDIN)—This signal is asserted during the time that BSYNC is asserted to indicate that 
the current bus master requires a response from the addressed slave device. It is also asserted by the 
interrupt fielding processor and is followed by the assertion of the BIACK output to initiate the 
interrupt service. 
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Synchronize (BSYNC)— This signal is asserted by the Q22-bus master to start a bus transfer and to 
indicate that it has transferred an address onto the BDAL<22:00> lines. The transfer continues 
until this signal is deasserted. For blockmode transfers, the BSYNC signal is asserted until the last 
transfer cycle is complete. 


Write Byte (BWTBT)—This signal is used to control a bus cycle. It is geced Eine the git 
portion of a bus cycle to indicate that a DATO, DATOB, or DATBO output cycle is to follow instead 
of an input cycle. It is also.asserted during the data portion of a DATOB or DATBO ane to indicate 
that a byte transfer will follow instead of a word transfer. 

Interrupt Acknowledge In (BIAKI) and Interrupt Ac italedge Out (BTAKO)—The processor 
asserts the BIAKO input to acknowledge an interrupt errupt request according to the interrupt protocol. 
The bus transmits the status of this signal to the BIAKI input of the next priority device electrically 
closest to the processor. This device accepts the interrupt acknowledge, if it had previously 
requested the bus, by asserting one of the interrupt request lines lines (BIRQ <7:4>) or if it is assigned | 
the highest priority interrupt request on the bus when the BDIN. signal was previously asserted. If 
both of these conditions do not exist, the device asserts the BIAKO output to the next device on 
the bus. This process continues in a daisychain configuration until the device with the highest 
interrupt priority receives the BIAKI inferrype actenomiledge, Enel and continues the interrupt 
protocol sequence. | | 

Q22-Bus. Interrupt Request wire: < 7:4> es cena are ere by as on. ne Q22. 10 
bus to request an interrupt. If the CQBIC is in arbiter mode, the CQBIC will transfer these signals 
to the appropriate CVAX IRQ <3:0 > line as indicated i in at ae : 














_ Table 2 CQBIC 78711 E BIR 





BIRO line ‘ | - i scat cio 








BIROG _ : = | 
oa Rol 
aoe “Tite 


Bank 7 Select (BBS7)—This signal is asserted by the bus master to reference the I/O page including 
the part of the I/O page reserved for nonexistent memory. When BBS7 is asserted, the address on 
BDAL < 12:00> is the I/O page address. During DATBI transfers, the bus master asserts this signal 
to indicate to the block-mode slave device that subsequent tran fers will occur. | 


DMA Grant In (BDMGI) and DMA Grant Out (BDMGO)—The bus arbiter asserts these these signal to 
grant bus mastership to a device that had requested use of the bus by asserting the BDMR signal. 
The arbiter grants the use of the bus by asserting the BDMGO signal. This signal is passed in the 
daisychain configuration through the bus to the BDMGI input of the next priority device 
electrically closest to the bus. This device accepts the grant if i it had asserted the BDM MR signal. If it 
did not, the device passes the DMA grant to the next device on the bus by asserting BDMGO. This. 
sequence continues until the BDMGI input of the requesting device is asserted. The device stops 
the DMA grant by not asserting its BDMGO {GO output and acknowledges the grant by asserting the 
BSACK signal after both the BRPLY and BSYNC signals are deasserted. 


Initialize (BINIT)—This signal is used to reset the system. When asserted, all the devices on the 
bus are set to a known state. The initialize process includes clearing registers, disabling bus drivers, 
and setting the internal logic for an operation. Exceptions to the normal initialization must be 
documented in programming engineering specifications for the device. 
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CVAX Bus and System Control’ I hopryses ee RP adn nado 
CVAX Data/Address Lines (CDAL <31: 00 ee ne are ee ime multiplexed lines 
used to transfer information between the CQBIC and the CVAX GPU or localmemory. , 


During the first part of a read or write bus oe CDAL <1: 30> indicates the Tength of the 
——— satis as listed in gee ae 


ee eee Pana 3* CQBIC 78711 Memoty Operand Length 


CDALline Onsen! length _ 
) re | ame 


oe 





- -hexaword || 





1: 8 quadword | 
L. 


“octaword 


CDAL<29:02> contain the longword address’ Gf the memory PS petandl: The BM<3: o> lines” 
specify which byte(s) of the longword address are to be used. The CDAL29 specifies a memory 
space address or an'I/O space address. When CDAL29 is 0, memory space is specified, and when 
CDAL29 is 1, I/Ospace is specified. The CDAL< 01:00 >) are. reserved. ee e 


During the first part of an interrupt acknowledge cycle, CDAL <06:02> righhes the hexadecimal | 
number of interrupt priority level-of the interrupt being acknowledged and CDAL < 31:07> and 
DCAL<01:00> are zeros. During the second part of a read cycle, CDAL < 31:00> transfers the 
incoming data. During the second part of an interrupt acknowledge cycle, CDAL< 31:00> 
transfer the vector required by the CPU. During the second oa of a write cycle, C CDAL <31:00>. 
transfer the outgoing information. - 
Control Status/Data Parity (CSDP < 2:0 > )—These lines and the WR WR line provide the status = tie 
current bus cycle as listed in Table 4. The CSDP < 2:0> line information is valid when the AS line 
is asserted. The CSDP<2:0> lines are not used with the CQBIC which does not support CVAX 
bus parity. 





a Table 4 + . cone 78711 Cycle Status* 


WR  CSDP Bus  CQBIC 
o0- transaction pate ek Operation 





request D.stream read wach dere abot read 


reserved PRE OE Hone 





interrupt a¢knowledge er er cae 0. i 





requestread(I-stream) 9 ~———<i—s—‘i‘(S:~*sead 


0 

L 

H 

LexternalIPRread sone 
; 

L 

H 


“demandreadlock = read lock 





. demand read (D-stream, modify intent) _-—Ss read 7 





«Hs H.« demand read:(D-stream,no modify intent)» read. 
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WR CSDP iiss a ~cgsic 
2 iY, teneection fre en cle 

L oh ee) reer as - none | e 

L - L. H L. peri IPR write : a4, wh eat | oe ee none _ Ae 

L eae 2 cates oa ss for D DMA device BEL ON ES none ; 

L H L_ H © write- cise OPiS BBS ek al witesinlock 

L . or dd . ie “reserved ent ea cas . = . hone | - - cs 

L H H H _ vite = (sce a ae write-unlock 


The CQBIC ignores eee intent transactions and considers a write transaction asa Scale ‘ 
When the CQBIC accesses to local EOD es SDP< te nical lines a are set sh did for all teba and 
write operations. : 


Address Strobe (AS)—This biditectionial signal indicates that valid dadrede information i is oe 
on the CVAX bus. The AS signal is asserted at the beginning ofa bus cycle’ to indicate that valid 
address and control information is on CDAL <31:00>, CSDP.<2:0 >, BM* < = 4 > ,and WRI lines. | 
AS is deasserted at the conclusion of the bus cycle. te r WEA 





Data Strobe (DS)—This signal provides timing infatinaBon: for ia fanaa ‘During’ a read of | 
interrupt acknowledge cycle, it is asserted to indicate that the CDAL<31:00> are available to 
receive incoming data and is deasserted to indicate that the data has been received and latched by 
the requesting device (CVAX CPU, CQBIC, etc.). During a write cycle, it is asserted to indicate that 
CDAL < 31:00> contain valid outgoing data and i is  deasserted to indicate that the sending device 

will remove the data. | 


Byte Masks (BM < 3:0>)—These signals indicate vihich nwyd of the CVAX bus contain valid data 
during the second part of a read or write bus cycle as defined in Table 5. During a read cycle, these 
signals indicate which bytes of the CVAX bus must transfer the data. All other bytes are ignored. 
During a write cycle, the BM <3:0> lines indicate which bytes of the CVAX bus contain valid data. 
During an interrupt acknowledge bus cycle, all four byte mask lines are asserted. The BM < 3:0> 
lines are qualified by the assertion of the AS signal. For read bus cycles, all bits of the byte(s) 
specified by BM<3:0> must be set to high or low levels in pose with the setup times 
defined i in the Specification : section. , or. | 





; Table 5. cvAX 78711 Bye Mask sea 
Byte mask Vali dite 








asserted 

BM3 CDAL < 31:24> 
BM2. — CDAL<23:16>_ | 
BMI ~ CDAL<15:08> 
BMO = ~— -CDAL<07:00>— 
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Write (WR)—This signal indicates the direction of the data transfer on the CVAX bus for the 
current bus cycle. When WR is asserted 1 during a bus cycle, data is transferred to the CVAX bus by 
the originator of the bus cycle. When WR is deasserted during a bus cycle, the requested data is 
transferred to the bus by the responding device. WR is qualified by the assertion of the AS signal. 


System Ready (SYSRDY)—This bidirectional signal indicates that the normal termination of the 
current CVAX bus cycle has occurred. It is also used with the SYSERR signal to request a retry of a 
bus cycle generated by the CVAX CPU. Assertion of this signal during a CVAX bus read or interrupt 
acknowledge bus cycle indicates that external logic will transfer the requested data onto the bus 
according to the timing requirements of the bus cycle in progress. Assertion of this signal during a 
CVAX bus write cycle indicates that external logic will receive the information on the bus according 

to the timing requirements of a write bus cycle. | | 
System Error (SYSERR)—This bidirectional signal indicates the seated termination of the 


current bus cycle. It is also used with with the SYSRDY signal to request the retry of a bus cycle 
generated by the CVAX CPU. 


DMA Request (DMR)—This signal is asserted by the CQBIC to request use of the CVAX bus and its 
related control signals. 


DMA Grant (DMG)—This signal is asserted by the CPU to grant control of the CVAX bus a its 
~ related control signals to external logic. If the CQBIC has asserted the DMR signal, the CQBIC will 
respond to the assertion of DMG by assuming control of the CVAX bus and its control signals. 





Interrupt Request (IRQ < 3:0 >)—These signals are used to pass interrupt requests to the CVAX 
CPU. The CQBIC uses IRQO to pass a Doorbell register interprocessor interrupt request to the local 
system. When the CQBIC is in arbiter mode, it maps the interrupt requests from the BIRO <7:4> 
of the Q22-bus to IRQ< 3:0> as listed in Table 6. 


ee ae Table 6 » CVAX 78711 Interupt Request Mapping 
Q22-bus CVAX Priority level | 











request request (hexadecimal) 
BIRQ7 ss IRQ3 TREAT 
BIRQ6 =—Ss«dRQ2 IPL 16 
BIRQ5. IRQI TPL 15 
BIRQ4 TROO IPL 14 


Memory Error (MEMERR)—This signal indicates that a nonexistent memory interrupt request to 
the CVAX CPU has occurred. The CQBIC asserts this signal with the assertion of the AS signal at 
the beginning of the next CVAX bus cycle. It remains asserted until the DS signal j is deasserted at 
the end of the bus cycle. 
Powerfail (PWRFL)—This signal indicates a powerfail condition on the 22. bus. The CQBIC 
asserts this signal when the BPOK input is deasserted. 

Cache Control (CCTL)—This signal is used to invalidate the sete memory in the CVAX CPU 
during write transactions to local memory. The CQBIC asserts this signal when it performs a write 
to local memory and causes the CVAX CPU to perform a cache invalidate cycle. : 
System Reset (SYSRESET)—This signal is used during the powerup sequence to bttalize the 
CVAX CPU. It is asserted when the BDCOK input is deasserted. 
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Halt In (HALTIN)—This signal is asserted in response to the assertion of the BHALT input from 
the Q22-bus. It is controlled by bit 14 of the system en register, by bit 08 of the doorbell 
register and by the operating mode of the CQBIC. 


CQBIC and System Control 

Auxiliary Mode (AUX)—This signal selects the operating mode of the arbitration logic of the 
CQBIC, the master logic, the powerup and reset sequences, and the doorbell register. The CQBIC 
samples this signal when the AS signal is asserted to determine its operating mode. When it is 
deasserted, the arbitration mode of the Q22-bus iis selected. The CQBIC is then the arbiter for the 
Q22-bus. Only one CBIC can be bus arbiter when more than one CBIC are available. When this 
signal is asserted, ‘autsilicey mode i is oupeeee and io CQBIC does not perform arbitration for 


Q22-bus. 


I/O Reset GORESET)—This signal resets the devices‘on the CVAX bus and the Q22-bus as 
determined by CQBIC operating mode. When it is asserted, the CQBIC gains control of the CVAX 
bus and the Q22-bus by first asserting the DMR output and then the BDMR output. When the 
DMG and BDMGI signals are asserted, the CQBIC asserts the RINIT output to initialize the 
devices on the CVAX bus. If the CBIC is not in bea wags mode (AUX deasserted), it asserts the 
RINIT output to initialize the Q22-bus. 


Not CQBIC Reference (N NCQBICR)—This signal indicates that ite address « on the CVAX bus is not 
a COBIC address. When the CVAX initiates a bus transaction that is not intended for the CQBIC or 
a bus transaction that is not an interrupt acknowledge cycle, the CQBIC asserts this ie when the 
DS signal is asserted by the CVAX. | 

Interrupt Acknowledge Enable (RD) —This signal is asserted | to allow ‘hie CQBIC to ean to 
interrupt acknowledge cycles on the CVAX bus. It is normally connected in a daisychain 
configuration with the CQBIC as the last device i in the chain. — 

Not Local Memory Reference (NLMR)—This signal indicates that the address « on the CVAX bus is 
not a local memory address. When asserted, it notifies the CQBIC. of an attempt to access 
nonexistent local memory from the Q22-bus. | 

Receive Initialize (RINIT)—This signal i is aad to initialive devices on the CVAX. tas = initialize 
the system to predetermined state. It is asserted during the powerup sequence or in response to the 
assertion of the IORESET input. 





Clock Timing 3 bik | | 

40-MHz Clock CB 46M) A 40-MHz clock i input se f58 si COBIC timing. This j input is divided by 
two (20 MHz) for use by the CQBIC. The timing sequence is started by the first rising edge of this 
input following the deassertion of SYSRESET i iiputs > « 

Clock Output (CLKOUT)—A 20-MHz clock output from the CQBIC. This signal is generated by 
the CQBIC and is used only during manufacturing test of CQBIC, 


Power and Ground 
Voltage (V,»)—5-volt power supply i input. 
Ground (V,,)—Ground reference, 


Voltage Bias (VBIAS)—The bias oohare for the Q22 ‘bus transceivers. This pin should be 
connected to ground through a resistor with a tolerance of 1 percent. The value of the resistor is 
selected to provide a bias current of 300 microamperes. ; 
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Miscellaneous © | : : | | 
External Capacitor ENTCAP This pin connects to an external 1.0 pF capacitor to generate the 
100-millisecond delay for BDCOK output during the powerup sequence. 


Test (TEST)—Used only for manufacturing test of the CQBIC. 


Functional Description 

The CQBIC provides the interface between the CVAX 78034 CPU ae its bea memory ae the 
Q22-bus. The CQBIC can perform Q22-bus arbitration or can function as an auxiliary device on 
the Q22-bus. The CQBIC contains a 32-bit CVAX bus to 16-bit Q22-bus interface, scatter and 
gather map translation and control logic, a 16-entry cache register that contains the external 8 K 
longword mapping registers, a system configuration register, a DMA error register with master and 
slave address error registers, a MicroVAX II-compatible doorbell register and Q22-bus transceivers. 


The CQBIC contains a master, slave, arbiter, and cache section. The master section monitors the 
CVAX bus addresses and control signals and performs operations directed to the internal registers 
of the CQBIC. It monitors the Q22-bus master transactions and requests assistance with scatter 
and gather map operations from the slave section. The slave section monitors the Q22-bus 
addresses and control signals and performs operations directed to the CQBIC from a Q22-bus 
master. It controls the doorbell register and performs transfers to and from local memory. The 
master and slave sections of the CQBIC use the cache registers to validate Q22-bus addresses that 
are to be mapped into local memory. The cache section uses the slave section to perform the local 
memory operations directed to the scatter and gather map registers in local memory. The arbiter 
section resolves conflicts between the master and slave sections that relate to the use of the CVAX 
bus, the Q22-bus, and Q22-bus DMA and interrupt acknowledge arbitration. It also controls the 
powerup and powerdown sequence and the initialization protocols. © 


The CQBIC supports master transactions that are byte, word, and longword transfers from the 
CVAX bus to the Q22-bus and to the internal registers of the CQBIC. It also supports slave write 
transactions that are byte and word write transfers, blockmode word write transfers from the Q22- 
bus to local memory on the CVAX bus, and slave read-modify-write word transactions that are 
block-mode word read transfers from Q22-bus to local memory. The CQBIC also supports local- 
miss.and global-hit transactions from the CVAX CPU to Q22-bus memory aL ee where the Q22-bus 
map translates the address back into the local memory space. 


Q22-bus Interface 

The Q22-bus interface supports nonblock-mode and block-mode transactions. As a Q22-bus slave, 

the CQBIC supports the following DEC Standard 160 transactions: DATI, DATIB, DATO, DATOB, 

DATIO, DATIOB, DATBO, and DATBI. As Q22-bus master, the CQBIC supports the following 
transactions: DATI, DATIB, DATO, DATOB, DATBO, DATBI, and interrupt acknowledge (IAK) 
transactions. As Q22-bus master, the CQBIC supports Q22- bus master read parity errors and Q22- 

bus nonexistent memory timeouts. 


When the CQBIC functions as a slave to a Q22-bus block-mode write transaction, it stores up to 16 
words and maintains the address alignments. The contents of the storage buffer is then transferred 
to local memory in two octaword transfers. When a Q22-bus block-mode transfer is not 16-word 
aligned, the CQBIC stores up to the 16-word boundary, stops replying as a Q22-bus block-mode 
slave, and performs the transfer to local memory. The CQBIC controls address alignments of block- 
mode write transfers of two to eight words. When the CQBIC responds as a slave to a Q22-bus read 
transaction, it stores up to a quadword of data before the Q22-bus block-mode read transfer. The 
CQBIC performs a read prefetch operation from local memory when the third word of its internal 
quadword buffer is transferred to the Q22-bus block-mode master that is performing a DATBI 
transaction. 
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Address Decoding __ 

The CQBIC performs all address decoding for its internal registers, G22. memory and Q22-bus 
I/O address spaces, and for the external scatter and gather map registers. It also provides a not- 
addressed signal (NCQBICR) for system use. The CQBIC latches the address from the CVAX bus 
with the aero ot the AS signal. In gy Hoe. to the acldaess, the | CQBIC | latches the 
nie eae that ai are eS eae by the COBIC are listed i in Table 7. “Al other er physical addresses 
cause the CQBIC to assert its eee signal. : 


Table 7 « CVAX 78711 CVAX Bus Physical Address Deocodes 





CVAXbusaddresses =  ===—-——_ Address description __ 

2000 0000 to 2000 1FFF Heticd 3 . Q22-bus I/O space 

20080000 to 20080010 = CQBICinternalregisters. 
2008 8000 to 2008 F FFC +: ~ wie Qea- bus scatter and-gather = registers 
3000 0000 to 303F FFFF = Q22- bus memory space 4 


The doorbell register is located in Q22 -bus I/O space. Its address is secaines be the thide af 
operation of the CQBIC and bits 03:01 of ee sian bin ce ssnenmsaie 


Clock - 
The CQBIC requires an external 40-MHz TTL clock ‘input that can be  agtlezest or 
synchronous to the clock of the CVAX CPU. This fixed rate clock produces a two-phase internal 20- 
MHz clock and the required Q22-bus timing in accordance with DEC Standard 160. The CQBIC 
operates with a CVAX'bus cycle time of 100 to 80 nanoseconds and a Q22-bus with fixed timing. 


Registers | | td pT OS EPS 

The CQBIC contains mapping rewisters: error sega; and a -gpntiginition: register. Tt uses the 
doorbell register, located in the I/O page of the Q22- bus address space, for interprocessor 
communications. 


Mapping Registers (MRA)—The Q22-bus scatter ee ae map contains 8192 mapping eaers 
Each MRA maps a page (512 bytes) of Q22-bus address space into a selected-page of local memory. 
The MRA format is shown in Figure 3 and described in Table 8. 


gi30 HP 3019. EE re 00 





Figure 3 * CVAX 78711 Mapping Register Format 
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Table 8» CVAX 787i Mapping Register Description 





Ba Deve nion 


31 VY (Valid) —When set, this bit indicates that mapping is enabled to a | page in oa -bus 
address space specified by bits 19:00 of this register. When cleared, the mapping for the 
selected page in Q22-bus address space is disabled and the CQBIC does not respond. 


30:20 | MBZ (Must be zeros)—These bits are read as zeros. A 


19:00. A28 to AO9 (Address bits 28:09)—This field contain the physical page address in local 
memory to which the Q22-bus address is mapped. | 


The mapping registers are located in the local processors I/O space at physical addresses 2008 8000 
through 2008 FFFC (hexadecimal). Each MRA is located on a longword boundary and is byte 
addressable. The physical longword address of each register is such that bits 14:02 of the physical 
address are identical to bits 21:09 of the Q22-bus address. The actual location of the scatter and 
gather map in local memory is determined by the map base register that contain the starting 
address of an aligned 8 Kblock of local memory. Only the local processor can directly access these 
registers through the CQBIC. Table 9 shows the relationship of the > mappine registers to the oe 
bus addresses. gd 


Table 9 » CVAX 78711 CBIC to Q22-bus Address Mapping 


Register address _ Q22-bus address 
(hexadecimal) — im __ Mapped (hexadecimal). == Mapped (octal) 
20088000 =~— - 00 0000 - 00 O1FF ~ 00.000 000 — 00 000 77 
20088004 = | ~000200-0003FF © =: 00001 000-00 001 777 
2008 8008 00 0400 - 00 OSFF 00 002 000 - 00 002 777 
2008 800C 00 0600 — 00 07FF 00 003 000 — 00 003 777 
20088010 = = ~~ ~—-000800-0009FF  —=— 00.004. 000 - 00 004. 777 
2008 8014 | = 00 0A00 - 00 OBFF 00 005 000 - 00 005 777. 
2008 8018 | 00 0CO0 —- 00 ODFF 00 006 000 — 00 006 (au 
2008801C = ~=~=~—~—« 000E00-000FFF = = ~—«-00007 00000007777 
2008 FFFO 3F F800 - 3F FOFF 17 774 000 - 17 774 777 
2008 FFF4 - 4 3F FAOO - 3F FBFF ~ 17775 000 - 17.775 777 
2008FFF8 = = ~—- 3FFC00-3FFDFF =—si17 776 000-17 776777 
2008 FFFC © _-« 3F FEOO - 3F FFFF 17 776 000 - 17 777 777 

| Note | 


The system boot PROM must remove the local memory space used for the scatter and gather map 
registers from the bit map of good memory. Direct accesses to the local memory copy of the map by 
a device other than the CQBIC can result in nonvalid data in the cache of map registers of the 
CQBIC and the results are unpredictable. 


At powerup time, the scatter and gather map registers and their valid bits are undefined. These 
registers are not altered by system or local resets. 
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Cached Map Registers (CMR)—The CQBIC maintains a 16-entry cache of map registers that 
performe all mapping functions. If the cache does not contain a valid copy of the map register used 
to map a Q22-bus address into local memory, the CQBIC obtains the required register information 
from the scatter and gather map. Only map registers that have their valid bit set are stored in the 
cache of the CQBIC. The CMR replacement algorithm is first- ngie one) The format of 
the CMR is shown in igure 4 and napineiaie: in Table 10. : 


3332 . 20190" 00 


Q22-BUSADR21:09 | > -- 428-A09- 





Figure 4« CVAX 78711 Cached Map Registe 





Table 10 » CVAX 78711 Cached sch Register Description 
Bit Description _ 


33 CV (CAM valid) —When set, this bit ices that the CMR contains a valid copy of a 
map register, and mapping is enabled for the page in Q22-bus address space. When 
cleared, it indicates that the contents’ ‘of the CMR are not valid and mapping is disabled. 
The CQBIC must update the cache from the scatter and gather map to determine if 
mapping is enabled for the Q22-bus address to be mapped. 


32:20 ©Q22-BUS ADR 21:09 (Q22-bus address 21:09)—This field contains the address of the 
page in Q22-bus address space mapped by the map register address bits stored in bits 
19:00 of this register. | | | 





19:00 A28- A09 (Address bits 28: 09)_This field contains the addess of the page in ses 
memory that the associated Q22- bus address i is mapped to. 


Map | Base register—This longword accessible register is located at okie added 2008 0010 
(hexadecimal) and contains the starting address of the scatter and gather map in local memory. This 
address must be located on an aligned 8 K longword block of local memory. The system boot PROM 
must indicate when this block of memory is unavailable. The only access to the scatter and gather 
map should be through the CQBIC. A write operation to the map base register clears all the CAM 
valid bits in the CMR. This removes the cached copy of the map registers when changing the 
location of the scatter and gather map in local 1 memory. The format of the map base register is 
shown in Figure 5 and is described i in Table il. | 


31 2928 | 1514 7 00 





MAP BASE 


Figure 5 = C VAX 78711 Map Base Register Format 
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Bit 
21:29 
28:15 


14:00 


Description 


“Table it " CVAX 78711 Map E Base Register Description onan 


~ Not used. Read as Zeros. 


MAP BASE (Map base ie Tae bite a are ised as cree) ie: bits 2 28. 15 when 
the CQBIC accesses the scatter and gather map. Bits 14:02 of the map register address are 
used as physical address bits 14:02. Bits 01:00 are zeros. 


Not used. Read as zeros. 


System Configuration Register (SCR)—The system configuration is used by the CVAX 78034 CPU 
to configure the operation of the CQBIC. This his register controls the doorbell register offset address, 
the enabling and disabling of the Q22-bus BHALT signal and the Power OK (POK) and AUX flag. 
The SCR is located at CVAX physical address 2008 0000 (hexadecimal). The format of this register 
is shown in Figure 6 and described in Table 12. The SCR is cleared during the powerup sequence or 
when the SYSRESET signal is asserted. This register is not pices by a processor programmed 


reset. 


Bit 
31:16 
15st 


31 . 16151413 111009 = = 0403:«-O100-s—“(ai‘sté 





DOORBELL 
- OFFSET 





. i | BHALT ENB. ue 
_ Figure 6 « CVAX 78711 System Configuration Register Format 


Table 12 - CVAX 78711 System Configuration Register Description _ 


Description 


_ Not used. Read as zeros. 


~POK (Power OK)—This is a read-only bit that indicates = ne state of the B BPOK ‘ibnal 


on the Q22-bus. It is synchronized and latched at each assertion of the AS signal on the 


- CVAX bus and is set to indicate that the power is OK and normal operation is possible. It is ' 


14 


13:11 
10 
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cleared to indicate that the Pe aia has otal or that the ci voltage is sao : 
normal. ; 


BHALT ENB (BHALT Enable) — This read/write. bit. is used to enable the ae of. 


BHALT signal from the Q22-bus to the HALTIN output of the CQBIC. When set, the 
state of BHALT is transferred to HALTIN. When cleared, BHALT has no effect on the 








HALTIN output. 


Not used, Read as zeros. 


AUX (Auxiliary mode)—This read- aly bit indicates ae state a ae AUX input to the 
CQBIC and the operating mode of the CQBIC. When set, the AUX input is asserted and 
auxiliary mode is selected. When'cleared, the AUX input is negated and arbiter mode is 
selected. 
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Bit Description 
09:04: Not used. Read a as zeros. 


03:01 Doorbell—These read/write. bits select the auxiliary doorbell register ' when the AUX 
input of the CQBIC is asserted and auxiliary mode is selected. When AUXi is not asserted 
these bits have no effect on the doorbell register used. 





00 | Not used. Read as 0. 





DMA. Sail Error Register (DSER)—This esa: is. sind. to sepouit DMA errors to the local 
system. It is located in the VAX I/O space at address 2008 0004 (hexadecimal), It can’ be accessed 
-only by the local processor. Other processors on the Q22-bus cannot access this register. This 
register is cleared when the RINIT output is asserted. Individual bits may be cleared by writing a 1 
to the respective bit. Writing a 0 to any bit has no effect on abe — oe The format of 
tlic I DSER i is mov in racine iA ane mescriee) in a By {oa BE SOEAN WO ERS 


oe ie pies, Ge LA ae ee sal EPUB & 090706080803020100" 





MASTER DMA NXM 
MASTER PE 

SLAVE ME 

LOST ERROR 

NO GRANT 

Saini idee ae 


7 | Figure? 7 ‘ CVAX 787 DMA A System E Emor or Register F Format 


Table 13 » CVAX 78711 DMA System Error Register Descriptions 
Bit —_— Description | - | 
Has NAT RATS «57 aaa 


31:08 Not used. Read ; as ‘Yéros. ichcceete Db aalaneickes tokrcunis 
07 MASTER DMA NXM (Master DMA nonexistent memory error) —This avnin bit is 





set for Q22-bus read or write cycles that do not assert the BRE Ly signal i in less than 10 
microseconds. ‘This biti is Geared by writing al toit. | 





06> Nor aut Read ee 


05 : | MASTER I PARITY  ERROR—This read/write bit j is eee. when parity € errors: are S dctecied 
during. Q22 -bus read hones Jperfogmed, Ry the = CORI ‘This bit is cleared te writing a 
set oh tits 


4s “SLAVE MEMORY 1 ERROR<This bit is set wen a a memory acd ACCESS et ihe 
renal er ODD bust Q22-bus bus device, or local-miss or global-hit cycles receives a seme error and 
asserts the SYSERR signal. This bit is cleared by writing a 1 to it. | 


03 LOST ERROR—This bit is set to indicate that an error address has been lost. An error 
address is lost when the DSER bits 07, DSER bits 05:04, and DSER bit 00 were previously 
set and another error that would have set one of these bits occurs. This bit is cleared by 
writing a 1 to it. 
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Bit Description | 
02. NO GRANT TIMEOUT—This read/write bit i is set if the Q22-bus does not return a bus 


grant within 10 milliseconds after a bus request, generated by a local processor demand 
read or write cycle, has occurred. This bit is cleared by writing a 1 to it. 


01 Not used. Read as 0. 


00 SLAVE DMA NXM (Slave DMA nonexistent memory—This read/write bit is set when the 
, ~ CQBIC executes a slave cycle that results in the CMCTL asserting the NLMR signal. This 
includes local-miss or global-hit cycles and map references that are nonexistent aaa 

This bit i is cleared acl waite al toit. 


Master Error Address Register (MEAR)—This register contains the address of the page in Q22- 
bus space that resulted in a parity error (DSER bit 05 set) or a bus timeout (DSER bit 07 set) during 
an access by the local processor. The MEAR is located in VAX I/O space at address 2008 0008 
(hexadecimal). The content of this register is valid only when bit 07 or bit 05 of the DSER is set and 
undefined when these bits are cleared. The MEAR isa read-only register and writing to this register 
causes the CQBIC to assert the SYSERR signal. The format of the MEAR i is shown in Figure 8 and 
described in Table 14. 


spe 13 12 00 





Q22-BUS SPACE ADDRESS 


Figure 8» CVAX 78711 Master Error Address Register Format 


“eq ye 


Table 14 = CVAX 78711 Master Error Address Register Description 
Bit —_ Description | | 
31:13 ~~ Not used. Read as zeros. 
12:00 ©Q22-BUS SPACE ADDRESS—This field contains Q22- bus address bits 21:09. 


Slave Error Address Register (SEAR)—This register contains the map peneinied address of the 
page in local memory that resulted in a memory error (DSER bit 04 set) or a nonexistent memory 
error (DSER bit 00 set) during an access by the local processor. The SEAR is located in VAX I/O 

space at address 2008 O00C (hexadecimal). The content of this register is valid only when bit 04 or 

bit 00 of the DSER is set. The content is undefined when these bits are cleared. The SEAR is a read- 
_only register and writing to this register causes the CQBIC to assert the SYSERR signe The format 
of the SEAR is ne in Figure 9 and described in Table 15. : 
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31 a ee 00 


MAPPED 022-BUS ADDRESS 





Figure 9» CVAX 78711 Slave Error Address Register Format 


Table 15 » CVAX 7 8711 Slave Error Address Register Description 
Bit Description ae 
31:20 Notused. Read as zeros. ro 


19:00 MAPPED Q22-BUS ADDRESS—This field contains the map cute addr 
| page in local memory that resulted in a meMOry error or nonexistent memory error from 
the Q22- bus to local meraory. HOES | : 








Doorbell Register (DBR)—The DBR i is used be the COBIC Inger srobessoi communication facility 
to allow other processors on the Q22-bus to request program interrupts from the local processor of 





the CQBIC without using the Q22- bus interrupt request lines 

controls external access from the Q22-bus to local memory and allows other processors to halt an 
auxiliary CPU. The DBR resides in the I/O Page of Q22-bus address space and is accessed by any 
device that can become Q22-bus master. The address of the DBR is determined by the arbiter or 
auxiliary mode of operation of the CQBIC and by bits 03:01 of the System Configuration Register 
(SCR). Table 16 lists the SCR bits 03:01 and the selected 32 -bit address for the DBR. The format of 
the DBR i is shown i in n Figure 10 and described in ‘Table V7 es 


“Table 16 » CVAX 78711 Doorbell Regier Address Selection, 


SCR bits re Doorbell _ vad pid? ees Address. | 
03 02 01 =. negister, gu. ag 4: _ Ahexadesina) | 


0 +. gebites CPUS! Madan Pe oes 2000 1F40 
1 auxiliary no.1 : le ea "2000 1F42 sie ae 
‘1 auxiliaryno.3 == 2000 FAG 
1 

0 

1 












auxiliaryno.5 9° 20001F4A 
auxiliary no.6 | 2000 eras en hee 
auxiliaryno.7 == 2000 1F4E 


0 0 
0 0 
0 1 
aaa 
i 0 
1 1 
1 1 





When the COBIC is in arbiter mode, SCR bits 03: 01 are cleared by default and the arbiter CPU 
doorbell register address is selected. When the ee is in svar sae mode, nas thse SCR bits 
03:01 will disable the doorbell register. 
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Bit 





191413 cabal caus 0100 





DMA\ AUX HIT|LMEAE DBI RO - 
MCIA DBI IE 


Figure 10» CVAX 78711 Doorbell Register Format 


Table 17 « CVAX 78711 Doorbell Register Deserpton 


Desctiption 





15 


DMA QME (DMA Q-22 memory aon The ceutoaly bit is set to ines an address 
space memory error when bit 04 of the DMA System Error Register (DSER) is set. It is 


. cleared when bit 04 of DSER is cleared or when the RINIT output is asserted. 





(147 


:13:09- 


07 
06 


05 


04:01 
00 
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-MCIA (Map cache invalidate all) — This write- only bit is ‘used to invalidate the cache of 
_ map entries of the CQBIC. Writing a 1 to this bit clears the CAM valid bit 33 of the CMR 


for each entry. This bit is read as 0 and writing a 0 to this bit has no effect. 


Not used. Read as zeros. 


: AUX HIT (Auxiliary halt)—This read/write bit i is aed when the CQBIC is in auxiliary 
mode. It is typically set by the arbiter CPU and causes the HALTIN output of the CQBIC 


to be asserted. This bit is cleared by writing a 0 to it or by the assertion of the RINIT 
output. The BHALT enable bit 14 of the system configuration register has no effect on 
this bit. When the CQBIC is in arbiter mode, this bit is Feag- ony and is read as 0. 


Not used. Read as 0. 


DBI IE (Doorbell interrupt: enable) —This bit is set to énable interprocessor doorbell 
interrupt requests through the DBR bit 00. It is cleared to disable interprocessor doorbell 
interrupt requests. It is a read/write bit when the CQBIC is Q22-bus master and a read- 








only bit when another device or CPU is Q22-bus master. It is cleared by the RINIT output. 


-LM EAE (Local memory external access enable) —This bit is set to enable access to local 


memory from the Q22-bus. This bit is cleared to disable access to local memory from the 
Q22-bus. It is a read/write bit when the COBIC is Q22-bus master and a read- only bit 
when another device or CPU is Q22-bus master. It is cleared by the assertion of the 
RINIT output when the CQBIC is in auxiliary mode and by the assertion of the 
SYSRESET signal when t the = CQBIC is in arbiter mode. ) 


~ Not used. Read as zeros. 


DBIRQ (Doorbell interrupt apres facta of this bit is enabled and disabled by 
- bit 06 (DBI IE) of this register. When DBI IE is set, writing a 1 to DBI RQ causes the 
~ CQBIC to assert the IRQO output to post an interrupt request to the local processor. When 


DBI IE is cleared, the CQBIC holds DBI RQ cleared and writing a 1 to this bit has no 
effect. Writing a 0 to this bit never has an effect. It is cleared by an IPL 14 interrupt 
acknowledge cycle to the CQBIC or by the assertion of the RINIT output. 
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Scatter and Gather Map Operation ae 
The CQBIC uses a scatter and gather map to store Q22-bus addresses into local memory. The map 
consists of 8192 mapping registers stored externally in local memory, a map base register to record 
the location of the external map registers, and a 16-entry cache containing the most recently used 
map registers. Each map register selects a 512 byte page of Q22-bus address space in local memory. 
The map is enabled or disabled by the LM EAE bit 05 in the doorbell register of the CQBIC. All 
mapping is performed from the internal cache of map registers. Therefore, if the required map 
register is not present in the cache, the CQBIC updates the cache with the required map register 
from local memory and then continues the mapping operation. ‘Through the use of a valid bit i in 
each register, the software can selectively enable and disable the: mapping of selected Bee) in Q22- 
bus address eae 


reyiceee is set or if the Valid bit 31 a the Pies mapping segister, is set. The LM EAE biti is rae 
for a local miss or hit transaction. Only map, registers that have their valid bit set are stored in the 
CQBIC cache. 


During read operations, the mapping register: must map the Q22 -bus address i into an existing local 
memory, or a bus timeout will occur. During write operations, the CQBIC asserts the BRPLY BRPLY signal 
to the Q22- bus before checking for local memory and a bus timeout does not occur. ? 


Figure 11 shows the translation from a Q22. -bus address toa local memory address. The sequence is 
1. Bits 21:09 of the Q22-bus address are extracted and used to select the map register. 


2. The map register is anata tit its . bit 31 i is sche ket If the V bit i is not set, the operation 
terminates. 


3. Map register bits 19:00 are used for bits 28: 09 of the local’ memory physical address and bits 
08:00 of the Q22- bus address are lised for bits 08: ‘00 of the local memory Physical address. 


cee 1 ao 0908 00 








~ Q-22 BUS ADDRESS 


EXTRACT TO SELECT 
MAP REGISTER 


| 3130 2019 


CHECK VALID BIT 
FOR MAPPING — 
ENABLED 


-MAPREGISTER 





Figure 11 = CVAX 78711 Q22-Bus to Local Memory Address Mapping 
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Operation Modes 


The CQBIC operates in arbiter or auxiliary mode as eres is hee AUX input. “When AUX is 
negated, arbiter mode is selected. When it is asserted, auxiliary mode is selected. 


Arbiter mode—During this mode, the COBIC is the Q22-bus arbiter and controls the Q22- bus 
DMA arbitration, powerup and powerdown and reset protocols, and powerfail and restart 
detection. It also supports the no- -grant timeouts and no- sack bus grant aborts. 


Auxiliary mode—During this mode, the CQBIC is a -Q22-bus auxiliary device and controls the 
powerup and powerdown and reset protocols, and the powerfail and restart detection. It also 
supports Q22-bus request and mastership protocols, the DMA and IAK daisychain functions, and 
the nonexistent Q22-bus memory timeouts. 

Retry Handling 

The CQBIC requests a retry that causes the CVAX to release ae ship of the CVAX bus and to 
retry the current transaction. This allows the CQBIC to obtain bus ownership and to perform a 
transaction such as fetching a map register from local memory or handling a bus deadlock. 


The CQBIC detects a retry request when the ERR or RDY signal is asserted. The SYSERR and 
SYSRDY signals are synchronized by the CVAX clock and become the RDY and ERR inputs to the 
CVAX CPU. The CVAX CPU uses two sampling windows to detect an error or a retry request. When 
ERR is asserted in the first sampling window, the CVAX CPU waits for the second sampling 
window. If RDY is asserted in the second window, the CVAX CPU retries the transaction and if RDY 
is not asserted in the second sampling window, the CVAX CPU detects an error. The CQBIC 
requests a retry by asserting SYSERR, waiting 50 nanoseconds, and then asserting SYSRDY. The 50 
nanosecond delay ensures that the CVAX clock chip synchronizer does not skew the SYSRDY signal 
so that the retry request is not detected by the CVAX CPU. 


Any COBIC master transaction that i is deadlocked because the CQBIC slave eral: needs CVAX 
bus ownership results in the CQBIC issuing a retry request to the CVAX CPU. These transactions are 





» A master read transaction to the Q22-bus. 


- A master read or read-lock transaction to the scatter and gather map when the map register is not 
in the CMAP. 


- A master write transaction to the O22. pie system configuration register, DMA system error 
register, or map base register. 


- A master read-lock transaction to local memory, Q22-bus, or internal registers. 
: A local-miss or global-hit transaction. | 


» A CVAX interrupt acknowledge transaction. 


A retry is used for all read-lock transactions to local memory or to the CQBIC. During a read-lock 
transaction until the CQBIC becomes Q22-bus master, each CVAX CPU transaction is retried. This 
prevents a Q22-bus device from breaking the lock via the slave controller of the CQBIC. If the 
CQBIC does not receive a no-grant timeout while attempting to gain Q22-bus mastership, it asserts 
the SYSERR signal instead of attempting retry transaction. The CQBIC retains Q22-bus master- 
ship after the completion of the read-lock transaction and until the next CVAX bus write-unlock 
transaction or other CQBIC transactions. This prevents the CQBIC from holding the CVAX bus if 
the CVAX CPU does not recognize the read-lock transaction and does not complete the write- 


unlock. 
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Interrupt Handling | 

The function of ine CQBIC during an interrupt request depends on its mode. In ait bd: the 
-CQBIC provides the interface between the CVAX interrupt system and the Q22-bus. In auxiliary — 
mode the CQBIC responds as an auxiliary device on the Q22-bus and asa Lia bac on the CVA ‘sing 
It blocks interrupt acknowledge cycles from the Q22-bus. 


~The CQBIC is placed at the end of the daisychain configuration for all four interrupt priority levels 
used by the CVAX CPU. This is necessary so that when no other device on the CVAX bus has 
-fequested an interrupt and when the CQBIC has no outstanding _ ueerrapts; 4 it r transfers the 
assertion of IAKI signal to the Q22-bus or blocks it and asserts the ERR ‘signal. 3 , 


Arbiter mode—During arbiter mode, the CQBIC. transfers Q22- bus interrupt requests directly. to 
the local processor by mapping the Q22-bus interrupt request on the BIRQ<7:4> lines to the 
IRO <3:0> inputs of the local processor. ‘The CVAX responds toan interrupt request c on. these li ine 
with an with an interrupt acknowledge cycle. The CQBIC can also request an interrupt by tupt by asserting the 
-MEMERR signal and/or the PWRFL signal. The CVAX does not seseee to /MEMERR or PWREL 
interrupt requests with an interrupt acknowledge cycle. : 


The CQBIC responds to a CVAX CPU interrupt acknowledge cycle oe the IAKI input is asserted. 
The response is determined 2 the IPL i ae and if the cc has any outstanding 
interrupts as follows: 


« For an interrupt PEATE at IPL 17, IPL 6, or IPL 5, hes CQBIC initiates a 1 Q22-bus IAK 
transaction. When the CQBIC receives the vector from the i interrupting device on the Q22-bus, 
it appends bits 9 and 0 to the vector and passes the vector to the local processor. Both bits 9 and 0 
of the vector are set to force the vector. address into. unallocated device vector — (> 200 
hexadecital) and force the. processors interrupt priority level to IPL 17. : 

















- For an interrupt acknowledge cycle at IPL 14 when the CQBIC has a doorbell i interrupt request 
pending, the CQBIC responds by returning vector 204 (hexadecimal). to ‘the CVAX CPU and by 
_ asserting the RDY output. When no doorbell:interrupt request is pending, the CQBIC initiates a 





Q22-bus interrupt acknowledge transaction. This transaction is prticessed | the same as an 
_ interrupt acknowledge cycle at IPL 17, IPL 16, or IPL 15. | ices 


Auxiliary mode—During auxiliary mode, the CQBIC blocks interrupt ee cycles. in 
response to IPL 17, IPL 16, and IPL 15 from being transferred to the Q22-bus. The CQBIC 
processes interrupt requests from its doorbell register and can also request an interrupt by pena 
the MEMERR and/or PWRFL signal. The CVAX does not respond to of MEM y) 

interrupt request with an interrupt acknowledge cycle. es oe as 
The response of the CQBIC to a CVAX CPU interrupt acknowledge cycle when its IARI input is 


asserted is determined by the IPL acknowledged and if outstanding interrupts are pending as 
follows: 


«= Foran interrupt acknowledge cycle at cycle. at IPL 17, IPL 16, or IPL 14, the. KEG blecke¢ the sce from 
the Q22-bus and asserts the SYSERR output to end the cycle. 





* For an interrupt acknowledge cycle at IPL 14 when the CQBIC has a doorbell i interrupt request 

pending, the CQBIC responds by 1 returning vector 204 (hexadecimal) to the CVAX CPU and by 

~ asserting the RDY output. When no doorbell i ll interrupt request is pending, the CQBIC blocks the 

cycle from the Q22-bus and asserts the SYSERR signal to end the cycle. When SYSERR 

terminates the cycle, the CVAX CPU ignores the interrupt request and does not take an exception 
to the termination. 
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Error Handling 
_The classes of errors detected.and reported by the CQBIC are, nonexistent O22. ae aemory tid 
I/O references, nonexistent local memory. references, no-grant timeout, no-sack abort, slave 
memory error reporting, master parity error detection, and local-miss and global-hit nonexistent 
memory and memory errors. These are grouped into errors processed by the master section of the 
CQBIC, the slave section of the CQBIC, local-miss and global. hit errors, and CQBIC arbiter errors. 


; The, COBIC. IC reports errors and error status to the CVAX CPU using the following signals and 
registers: SYSERR, MEMERR; PWREL, the DMA System Error Register (DSER), Master Error 
Address Register (MEAR), and Slave Error Address Register (SEAR). The assertion of the SYSERR 
signal causes the CPU to terminate the current transaction and to take a machine check for errors 
_ that occur on demand read and write transactions. When reporting an error to the CVAX CPU by 
asserting SYSERR, the CQBIC sets CDAL<31:00> to valid logic levels. The assertion of the 
MEMERR and PWREL signals are recognized as interrupt requests by the CVAX CPU. _ 


All parity and memory error flags and error addresses are latched and held until cleared by fhe 
CVAX CPU. Additional parity or memory errors that occur will set the Lost Error bit .03 in the 
‘DSER. | | 


, Master section eee COBIC | processes nonexistent memory errors as ; follows: 





- During demand read transactions, the CQBIC asserts the SYSERR signal to terminate the 
_ transaction, sets the NXM flag bit 07 in the DSER, and latches the address.in the MEAR. 


- During a request read or interrupt acknowledge transaction, the CQBIC asserts the SYSERR 
: ‘signal to terminate the transaction and no error information is logged. 


: , During a write transaction, the CQBIC sets. the NXM flag bit. 07 in the DSER ney asserts. he 
MEMERR signal tc to post a write timeout interrupt request. MEMERR is asserted with the next 
assertion of the AS signal and deasserted with the next assertion of the DS signal. ae 





: Multiple Tonigwoed transfer to Q22. bus-If the’ CVAX CPU CPU attempts to Eebopin a -ttedple 
longword transfer to the Q22-bus, the CQBIC asserts SYSERR to terminate the transaction. 
Because the Q22-bus address space is located in the I/O-space of the CPU, only longword transfers 
with byte masks to this space are legal. 

No-grant timeout—If the CVAX CPU attempts to obtain Q22 -bus mastership and nes not ee 
within 10 milliseconds, the CQBIC terminates the transaction by asserting SYSERR. ‘If the 

3 transaction isa demand read, the No Grant Timeout bit 02 is set in, the DSER. . 


Master parity error—The CQBIC processes master parity errors as follows: 


+ During a demand read transaction from the Q22-bus, the CQBIC asserts SYSERR to terminate 
the transaction, ‘sets the Master Parity Error bit 05 in the DSER, and latches the address i in the 
MEAR. wees 


» During a request read transaction, the CQBIC asserts SYSERR to terminate € the't transaction and 
no error information i is logged. | Peat ERY 


Slave section errors—A slave read or write trangaction ‘that results i ina a nonexistent memory error 
causes the CQBIC to set the SLAVE DMA NXM flag bit 00 in the DSER, latch the e error ‘address i in 
the SEAR, and assert MEMERR to post an interrupt to the CVAX Cpu. 


A slave read or write transaction that results i in an error with the the SYSERR signal ene is as 
follows: 
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: A slave read transaction that results in a parity error causes the CQBIC to set the DMA QME bit 
15 in the doorbell register, set'‘Slave Memory Error bit 04 in the DSER, and latch the translated 
error address into the SEAR: The CQBIC then reports the error to the Q22-bus by asserting 
BDAL<17:16> during the data transfer of the transaction. 


- A slave write transaction that results in an error.causes the CQBIC to set the DMA QME bit 15 i 
the doorbell register and the Slave Memory Error bit 04 in the DSER, latch the translated error 
address in the SEAR and assert- MEMERR to. ‘post an interrupt to the CVAX CPU. The coor 
does not inform the Q22- bus ‘of the error. 


= Aslave read or write transaction tothe. scatter and gather. map that results i in an error causes the 
~ CQBIC to set the Slave Memory Error bit 04 in the DSER; latch the translated error address into 
the SEAR, and assert MEMERR to post an. interrupt tothe CVAXCPU. _— 





Local-miss and global-hit errors—During Iocal-miss dred slobal-hit rea hit read t transaction, the COBIC 
issues a retry request to the CPU by asserting SYSERR. and | SYSRDY and latches the mapped 
address. The eae gen a read transaction from local al n emory and s stores the data. When the 






local memory, he COBIC. assetts SY SYSERR R to  dotiéy the CPU oft the error, - latches the address in ‘the 
SEAR, and if the transaction is a demand read, its sets th re p Slave Memory E Error bit 04 or Slave DMA 
NXM bit 00 in the DSER. ‘aa sir 


During local-miss and global- hit write erasers: as CQBIC latches. Ae ies and write data 
and asserts SYSRDY. The CQBIC performs a write transaction to write to local memory. If an error 
occurs during the transfer to local memory, the CQBIC latches the address into the SEAR, sets the 
slave memory error bit 04, or Slave DMA NXM bit 00 in the DSER, and asserts the MEMERR 
signal to post an interrupt to the CPU. 


Arbiter errors— When the CQBIC arbiter grants che Q22 ‘bis by asserting the BDMGO signal and 
does not receive the assertion of BSACK within 10 microseconds, it removes the grant and no errors 
are reported. The arbiter waits 500 nanoseconds for the BDMGO daisychain to clear before 
beginning arbitration again. 

Initialization 9 

When the IORESET input is asserted, the CQBIC asserts the DMR and BDMR outputs t to > gain 
ownership of both buses before'the assertion of ‘any ‘teset signals: Once the. CQBIC-has: ‘been 
granted ownership of both buses (DMG and BDMGI asserted), it asserts the RINIT output 'for'10 

microseconds. The assertion of RINIT can be used to clear local devices or’ registers, ' local interfupt 
enable bits, and pending local interrupts. The doorbell register and DMA system error register are 
reset. If the CQBIC is Q22-bus arbiter, it asserts BINIT for a minimum of 10 microseconds toclear 
the Q22-bus. If the CQBIC is in auxiliary mode, BINIT is not:assérted. After 10 microseconds, 
-RINIT and BINIT are deasserted and are followed by the deassertion of DMR and BDMR. The 
system is now initialized and normal system operation can follow. 


The response of the CQBIC to the assertion of BINIT on the Q22- busi is doce iu its cheade of 
operation. In arbiter mode, the assertion of BINIT is ignored and in auxiliary mode the assertion of 
BINIT causes the CQBIC to assert RINIT and SYSRESET to reset the local pee ane RINIT, 
DMR, and BDMR signals are asserted when IORESET is asserted. 2 isp) rstoadl A 


7 Duting aba) the CQBIC sets bas CVAX bie aiid o Bus lines to a ahighimpedance. 

















- Interfacing alata 
Figure 12 shows a CVAX CPU system using the CQBIC as an Pinbdhee' to the O29 bus. | 


Confidential and Proprietary 2579 











- CVAX 78711 
“Bic . 







CVAX 78034 — 









| cpu 
AND. se DMA | 
CVAX78134.——s—ié«<‘S 
7 FPA -  (RO<3:0> 






PWRFL 
MEMERR f 
CCTL 










~DAL<31:00> | 


0-22 BUS 


CSDP<3:0> | 
BM<3:0> 











CVAX 78588 
MEMORY CONTROLLER | 


{TO LOCAL MEMORY) 


Figure 12» CVAX 78711 System Interconnect Diagram : 


Specifications 


The mechanical, electrical, and environmental characteristics and specications for thie COBIC are 
described in the following paragraphs. The test conditions for the electrical values. are as follows 
unless specified otherwise. : ; 


- Ambient temperature (Ty ): o°C to 70°C 
" Power naa = Ven: 4.75 V to 5. 25 V 





Mechanical i re 
‘The physical dimensions of the CVAX 78711 132. ca cerqud ea are contained in the 
di saa : 


Absolute hfasiniuns Ratings ih, eat : 
Stresses greater than the absolute maximum ratings may cause permanent aes: to she ae 
Exposure to the absolute maximum ratings for extended periods may adversely affect the 
reliability of the device. . 


wie tyke 


* Storage temperature (T;): -55°C to 125°C 
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: Active temperature (T,): 0°C to 70°C 
« Power supply voltage (Vpp): -0.5 V to 7.0 Vv 
: Input or output = applied: -0.5 V to Vpp + 0.5 V 


de Electrical Characteristics 

The dc electrical characteristics for the CQBIC are siéuped into Q22-bus signals and CVAX bus and 
CQBIC specific signals. Table 18 lists the electrical specifications for the Q22-bus signals and Table 

19 lists the electrical specifications for the CVAX bus and CQBIC specific a The specifica- 

tions for the dc tests are 


- Power dissipation: < 1.5 watts — 
«= Minimum airflow: 100 linear ft/min 
« Temperature (T,): 70°C 
» Power supply voltage (Vpp): 4.75 V (except where Tosca) 
« Ground (V,,): 0 V 


Table 18 = "CVAX 78711 Q22-bus dc Parameters 





Symbol Parameter a - Requirements Units | Test 
a Min. Max. ~ Conditions — 
Vin High-level input voltage 1.9 — Vio Vin = 5.25 V 
Ve Low-level input voltage | - 1.66 V Vin = 5.25 V 
| a 1.5. Vo Vi = 4. 75 V_ 
Lt pee Low-level output voltage ~—60.9 — Vv Tou = 100 mA 


(open drain) 


— 
jp 


_ Input leakage current — -10 10. —0<V, <5.25V 


Output leakage current -50 50 pale < V,. <5.25V 


Le 
° 
= 


Input capacitance — 10 


5 


3) / 5/5 | 


CV) 


out Output capacitance = 10 


Table 19 » CVAX 78711 CQBIC and CVAX Bus dc Parameters 


Symbol Parameter | Requirements Units Test 
Min Max Conditions 


Nai High-level input voltage 2.0 — V 
Vii Low-level input voltage — OB rs oN 
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Symbol Parameter _. Requirements - Units Test 
Min. © Max. | » Conditions 

Vin High- level output voltage DME ay Lak V Tou =—400 pA 
Vig Low- evel output voltage — 0.4 V — Ig =2.0 mA 
Vow. Low-level output voltage | —_ ig 2 V | Io, = 20 mA 
agar. {open drain) | rr ae | a 7 
Voum High-level aarp oe PS BQ cated V Toy ==-100 WA 

(MOS signal) : Pe 
Vet Low-level aubut voltage a 0.2 Viol -Tg=10 mA 
ee (MOS signal) : — . 7 | 
TI, __ Input leakage current ~ ~10 10 pA 0< Vi, < 5.25 V 
joe ~Inputleakagecurrent 02 15 £=mA_. V,,=0.4V 

_ (sustainer) | a 7 | | 

Io, .. - Output leakage current. -10 10 wA ...... OV, <5.25V | 
i Active supply current — 220 mA L:=0, T,=0°C 
Cae oc Input Eapacitance ee me AO pF 
Co. Output capacitance oe pan. oll ce pF. 
Oe sae Bidirectional capacitance — aay 20 pF 


ac Electrical Characteristics 
The Q22 -bus ac charateristics are. measured under the following test conditions except where 
noted. | | , 


- Ambient embers: (Th 7 70°C 





- Power ppl voltage (Vpp): 4.75 V 
« Capacitive load (C,): 15 pF/330 pF 

| * Pullup resistor (R1): 910 | 

« Pulldown resistor (R2): 2002 

= Vin. 1.60 V 

Vi, 120 V 

* Via l./2V 

+ Input rise and fall. time: 10 ns (1,2 to 2.2 V),(0.8t02.6V) 

The following notes apply to Figures 13 through 53 and their associated timing Tables 20 through 27. 
- All times ate in nanoseconds except where noted. 


* The TB40M clock input is Tt compatible and intended to operate at 40 MHz, , £0. 01%. All 
Bos bus timing parameters are derived from this clock. stlow sued ox 
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«= With TB40M=40 MHz, the CVAX bus per phase timing can vary from 20 to 33 nanoseconds 
assuming that the CVAX 78588 Memory Controller retry delay is 4.0 microcycles (CMCTL 5/3 
mode memory cycle bit set). For CVAX bus per phase timing greater than 33 nanoseconds, the 
TB40M clock is reduced by 0.13 x CVAX clock input. ene CVAX mocha in= =25 MHz, 


TB40M = 40 MHz-(0.13 x 25 MHz) = 36.7 MHz. 


«= P=CQBIC internal clock period. With TB40M = 40 MHz, this period is 50 nanoseconds. 


- Nx=number of internal clock-periods (P) required for Q22-bus mastership or to wait until the 


master and slave logic of the CQBIC becomes idle. 


« Ny=number of internal clock Denes (P) required to-wait until the CQBIC does not require Q22- 


bus mastership. 


Table 20 « CVAX 78711 Powerup/Powerdown and Initialization Timing Par: 











Symbol _ Definition © Requirements (ns) 
tocua BDCOK deassertion to HAETIN assertion’ =) as 46.3 
tos BDCOK reassertion to HALTIN deassertion — 62 
— BDCOK deassertion to BINIT assertion 15 85 
tpepown © BDCOK deassertion to ee TING ee ee a #3 

_ and DMR assertion _ | ee cee : 
tear BPOK deassertion to PWRFL assertion |... 1iP- 10  - 1P +105 
tprLN -BPOK assertion to PWRFL deassertion == : 4 P-10 1P+ 105 
trum* __VEXTCAP gets VSTMRtoPWREL negation —_—=—=—=—_-98304300 98304500 
tum” VEXTCAP gets VSTMR to SYSRESET negation 98304300 98304500 
triisee BPOK assertion to PWRFL deassertion ———e~C”té<“—s;~*é‘aP A 2P+ 105 
— BPOK assertion to SYSRESET deassertion. -. -. . 2P-10. - 2P+105 


*VSTMR (VT +) is the EXTCAP positive- going threshold voltage that activates the internal timer: 
2.5 V (min.), 3.0 V (typ.), and 3.7 V (max.) 
Negative-going threshold voltage (VT) of EXTCAP Schmitt trigger: 1.9 'V (typ.), 1.5 V (min.), and 
2.4 V (max.) 
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he VEXTCAP = VSTMR : 100 MS TIMER STARTS. 


‘ tPUISR 
SYSRESET — 


— tPU1 PF 





~@ 
mi 
rm 


tp13P 


BINIT 
(ARB. MODE) 


“ RINIT oo 





~ Figure 13» CVAX 78711 DEC Standard Powerup (ac Power Normal) Timing 







DC POWER ; 
3 MS MIN 
BDCOK . 






VEXTCAP = VSTMR:: 100 MS TIMER STARTS. 


EXTCAP 


BPOK 


tpU2SR—» 


SYSRESET 
'PU2PF 


_PWRFL 


tp13P 
BINIT: 
(ARB. MODE) 


RINIT 


tp12P 
DMR 


Figure 14* CVAX 78711 DEC Standard Powerup (ac Power Failure) Timing 
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BDCOK (NOTE) 
VEXTCAP = VSTMR 


EXTCAP 


BPOK 
tpUISR 
SYSRESET 


tPU1PF 
PWREL. 


tp13P— 


BINIT 
(ARB. MODE) 


RINIT 





DMR 


NOTE: 
DC POWER MUST BE STABLE AND BDCOK ASSERTED 
BEFORE EXTCAP REACHES VSTMR. 


Figure 15 « CVAX 78711 Unsequenced Powerup (ac Power Normal) Timing 


DC POWER anon 
(NOTE) 


@—— VEXTCAP = VSTMR 
EXTCAP 


100 MS 
BPOK 


tpu2SR 
- (PU2PF 


PWRFL 


tp13P- 


BINIT 
(ARB. MODE) 





. DMR 





NOTE: i 
DC POWER MUST BE STABLE AND BDOCOK ASSERTED 
BEFORE EXTCAP REACHES VSTMR. 


Figure 16» CVAX 78711 Unsequenced Powerup (ac Power Failure) Timing 
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1PFLA—w 


—~ (PFLIN. ... 





tPDOWN 


tPDBI 


BINIT 
(ARB. MODE) 


~ Figure 17 = CVAX 78711 Powerdown Timing _ 


BDCOK 





HALTIN ig 


Figure 18 » CVAX 78711 Restart Timing 


Table 21 = CVAX 78711 Reset and Initialization Timing Parameters 


Symbol Definition |... Requirements (ns) 
Min. Max. 
CARESET SYSRESET assertion width — | | etnias Co  DIBIOP 


tun... ... BINIT assertion toS SYSRESET, T, PWRFL, 2P-10 2P-105 
RINIT, and DMR assertion — ide gateeaiete pana! sapene ake etek 


top | «-APclockdelay dP 





tower. 12P clocks delay © 12P a 

— oe ree ee eee ere ree 

Cee TORESET assertionto BDMRassertion ~~ 2P=10- --2P+80 

timnwa __ TORESET assertion to BINIT assertion = 3P-5._—_(G-+Nx)P+ 110" 
tomes  IORESETassertiontoDMRassertion = 10, 30... 
tw _- BINIT and RINIT assertionwidth =, 206P ss — 

tiopsaw TORESET accertion wideh _ ; 7 7P _ 

twa -:TORESET assertion toRINIT assertion = 3-10 (3+ Nx)P+105* 


*Nx is the number of CQBIC internal clock periods required to obtain bus mastership or to wait for 
the master or slave logic to become idle. 
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HORST W 


fee OMA 


BOMR 





BINIT 
(ARB. MODE) 





fe BINT 


Figure 19 = CVAX 78711 I/O Reset Signal Timing 





Figure 20» CVAX 78711 Q22-bus Initialize (Auxiliary Mode) Timing 


Table 22 = CVAX 78711 Arbiter Timing Parameters. _ 











Symbol Definition ee ee eee ee Heaeremment oy 

tageai: BDMkR assertion to BDMGO assertion 2P-5 2P+ 110 
(arbiter mode) 

tcawi BSACK assertion to BDMGO deassertion = = 2P-5 2P + 110 
(arbiter mode) Ns. nc, Se 

tisneons BDMGI assertion to 0 BDMGO assertion PLS 2P + 110 
(auxiliary mode) ~ proven san 

thes BDMGIL deseo to , BDMGO deassertion 20 70 
(auxiliary mode) ee 

Laguna BSACK deassertion to BDMR desertion ee —2P-5 2P + 110 

»..olarbiter mode). ug dn COG ie, Fee a 

ee er BDMGI assertion to .BDMR desertion and: i. 3P-5 3P+ 110 
BSACK assertion (auxiliary mode) 

tee BRPLY deassertion to BDMR deassertion 2P-5 2P + 110 





and BSACK assertion (auxiliary mode) 
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— Preliminary CVAX 78711 


Symbol Definition Requirements (ns) 
Min. Max. 
tate BSYNC deassertion to BDMR deassertion 4P-5 4P + 110 


and BSACK assertion (auxiliary mode) 


*In auxiliary mode, BDMR deassertion and BSACK assertion occur simultaneously. BDMR 
deassertion timing can be derived from BDMGI assertion (tgxgpmr scaxi)> BRPLY deassertion 
(texrpty), and BSYNC deassertion (tgxsync). The latest timing of these three is correct time. 








‘BOMR 
tGABDMR1 


BSACK 


BRPLY AND 
BSYNC 





Figure 21 * CVAX 78711 Q22-bus Mastership (Arbiter Mode) Timing 


'GKBDMR_.SACK1 





Figure 22 » CVAX 78711 Q22- bus Mastership (Auxiliary Mode with No Reply 
and No Bus Synch and a DMA Grant In) Timing 





'GXAPLY 
BSACK 


'GXSYNC 
BDMGI 


BRPLY 


BSYNC 


bee 23 * CVAX 78711 Q22-bus Mastership (Auxiliary Mode with Bus Reply 
and Bus Synch and a DMA Grant In) Timing 
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Preliminary — CVAX 78711 


BDMGO 
toMGOA1 | 
BDMA 


Figure 24 = CVAX 78711 DMA Grant Out Asserted (Arbiter Mode) Timing 


BOMGO 





BSACK 


Figure 25 * CVAX 78711 DMA Grant Out Deasserted (Arbiter Mode) Timing 


~BOMGI 


BDMGO 





Figure 26 » CVAX 78711 DMA Grant In/Out Daisychain (Auxiliary Mode) Timing 


Table 23  CVAX 78711 CVAX Bus to CQBIC Timing Parameters 


Symbol _ Definition Requirements (ns) 
Min. Max. 
re DAL high-impedance delay “O° | ~20),* 
topiek SYSERR assertion delay | 0. 2 
beaget SYSERR deassertion delay 0 10 
toxz DAL high-impedance delay 0 40 . 
tpmea . MEMERR assertion delay £0 45 
ee MEMERR deassertion delay 0. , 115. 
ao NCOBICR assertion delay 0 ~ 40 
tanaan NCQBICR deassertion delay 0 “60 
tprpat Read data valid delay time QO. 40 
anne SYSRDY assertion delay 0 35 
oer SYSRDY deassertion delay 0 10 
tose Write data valid delay time Des 20 
aoe Address hold time 11 it 
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affo] t/a] no Prelimin CVAX 78711 
Symbol _ Definition | | Requirements (ns) 
Min. Max. 

en BM hold time | | 5.0 — 

oe CSholdtime ; ie ee 

ee TAKI hold time 0 — 

aneyes Read data hold time : 5.0 _ 

Giga Write data hold time : 11 — 

tive WR hold time | 5.0 _ 

tras AS deassertion to assertion | i: 45 | — 

tins DS deassertion to assertion 100 _ 

ove Address setup time 22 _ 

tc AS setup time _ | | 26 — 

tis BM setup time oe | 2.0 as 

oe CS setup time | 27 mene 

bea DS setup time a _ 20 ae 

taser IAKI setup time 17 — 

fies ‘WR setup time 2200 = 

coai<31:00> {ADDRESS {aooness ' Tarceb avcosa {1 wean para 7 : 
rs | : | = LH 9 | 





SYSRDY 





CLKOUT 


Fae gn a oe 


Figure 27« CVAX 78711 CPU to CQBIC Read Cycle (System Ready) Timing 
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i/o] t|a) 


CVAX 78711. 





CDAL<31:00> —{  appress Kf , ——{ } (ADDRESS LATCHED BY COBIC) _ 
'HADR 


- (ODALHZ 
tSADR _ toRDAT 


= a —— 
(mK 


AS 





DS 


BM<3:0> 






Wa 
CLKOUT 
Figure 28 » CVAX 78711 CPU to CQBIC Read Cycle (System Error) Timing 
coat <31:00> ff “aooRess 7 | aooness croneo av cosy 
'HADR ey #~ 'HRDAT 
‘SADR | 'DRDAT - 


| 'DHZ 
os . _ 
'scs ‘ & 288 


BM<3:0> 


omen LEYS 





; | sohbet 


SYSRDY 


'SAS 


CLKOUT 





Figure 29 = CVAX 78711 CPU to CQBIC Read Cycle (Retry) Timing 
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fifa ta 


CDAL<31:00> 


‘SADR 
“AS 


CSDP<2:0> 


BM<3.0> 


SYSRDY 
SYSERR 


CLKOUT 


CDAL<31:00> 


CSDP<2:0> 


BM<3:0> 


SYSERR 


SYSRDY 


CLKOUT 


2-92 





tsps 


Preliminary | CVAX 78711 









tHYYDAT 
| tOWDAT i 
tips 


a 

ee a el 
aM ie 

en emer emttttannnh 


tsps = 'DRDYA 
rR, ; van 


Figure 30*C VAX 78711 CPU to CQBIC Write Cycle Timing 


tORDYN 
tDERRN 






‘ ADDRESS 





WRITE DATA : k 
1 tHWDAT 


HADR | 
\ ke toWDAT 
| —_ = 
tos 
tscs 
ES GEA EE AT ET, 
U {nena : 
a | ! 
tHBM H 
tswR 


 'DERRN 


'DRDYN a : 


Figure 31 = CVAX 78711 CPU to CQOBIC Write Cycle (Retry) Timing 


a 'DERRA 











Confidential and Proprietary 





Preliminary CVAX 78711 


(IPL LATCHED 
BY CGBIC) 





CDAL<31:00> — ' VECTOR DATA 


al 


CSDP<2:0> 


BM<3:0> 


iAKI 
SYSRDY 


CLKOUT 


Figure 32 » CVAX 78711 CPU to CQBIC IAK Cycle Timing 


concarans ones $< 





'HADR 
[ tSADR Z 
AS © ie 2 
‘DS - Sj, - 
Me SCS 10S 
'HCS-* 
CSDP<2:0> CS=READ LOCK 
: tsBM 
i tHBM 
1 ff 
l tswrR ae 
tHWR 
"WR pae 
SYSERR 
tOERRA 
SYSRDY 
isas | tpRDYA 


cLKOUT My Naw, pate ey Gar N 


Figure 33 « CVAX | 78711 CPU to Local Memory Read Lock Cycle (No Q22-Bus Mastership Retry) 
| Timing 
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PaaS of tal niieaiene he THADR 2 Seen 
2S 
Ww F t 
i ‘scs IDS 
" 4 tHcs , ‘ alt, sti ove ’ 
CSDP<2:0> CS=READ LOCK 
> say He :  de—tsam 
es it 'HBM 
wont " ISR mer 
tHWR 





SYSERR 


_.. CLKOUT 





TOMEA 





MEMERR ~ 





NCOBICR 


c tONOBN 


Figure 35 » CVAX 78711 Memory Error and Not CUBIC Reference Timing 





Table 24 : CVAX 78711 ‘Sinai Ready, Socteni Bact stil DMA Grant Synchronize 





- | Timing Parameters | 
Symbol _ Definition eet 7 Requirements (ns) 
——— ~~ * Min. Max. — 
tsyns _ Synchronizer setup time | | ae os 
ae Synchronizer hold time ii vomin Q me 
teoue : Synchronizer delay time pee” <8 c OStacHtece “Lotae pte 
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Prelimi 
copiccik | p2 { pr | p2{ pr [| p2{ er | p2] Pr | e2 | 


PHI2 


PHI 


tSYNH 
SYNC (MIN) 










t SYNC (MAX) 1 





t SYNC DELAY MINIMUM AND MAXIMUM. 


Figure 36 » CVAX 78711 CQBIC Clock to Internal Timing Synchronization 2 


Table 21 - CVAX 78711 CVAX Bus Timing Parameters 





Symbol 3 Definition | | ie Jak Oto Requirements (ns) 





tasaw .-—Ss- AS. assertion width 





fines | AS assertion to DS assertion (read) ~ 





Ciaciar AS assertion to DS assertion (write) a es AG 





tasnume 40s(as X'S SS tiO*N to NLMR assertion Ne aay oe 100 eee 





tasnw AS deassertion width ee ee a en 


txennwe - BM <3.0> high-impedance delay | | a 30 











taswntmmw AS deassertiontoNLMRdeassertion =  # £4O aid oe 


“ean Address hold time 20 70 





tasag Adress getup tite: ot tg gig ee 
tence CCTgletime —s—i(‘éC‘SRSSCCCC 


Tacrew CCTL assertion width a | 40 = 





tomcas .. DMG assertion to AS assertion ae 60. +250 
tome DMR assertion to DMG assertion ~~ ; | 0 _ 
tommw  DMRdeassertionwidth = BD 
">MRNGN DMR deassertion to DMG deassertion | 0 300 


tpmrnz DMR deassertion to output high-impedance 7 gin 100! 
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Symbol _ Definition 

oe DS assertion width 

tieaw Data setup time (write) 7 
tice DS deassertion width (read and write) 
eres DS assertion to SYSERR assertion | 
iiteany DS assertion to SYSRDY assertion 
Easenes DS deassertion to AS deassertion 

tient Data hold time (read) 

tosnpmrn DS deassertion to DMR deassertion 
toes Data hold time (write) 

tysnserrn DS deassertion to SYSERR deassertion 
tpsnsrpyn DS deassertion to SYSRDY deassertion 
turmrpsy. NLMR assertion to DS deassertion 
tienes SYSERR assertion to data delay 

tserrpsy. . SYSERR assertion to DS deassertion 
tsrrrsrpy  SYSERR aeseetion to SYSRDY assertion 
fegnui SYSRDY assertion to data delay 

tsapvosy . SYSRDY assertion to DS deassertion 


‘Valid for all CVAX bus signals driven by CQBIC during DMA. 
7500+ 4 (DS to SYSERR): octaword write to LM 


CVAX 78711 


Requirements (ns) 


Min. 
200 
20 
40 


200 (0) 
200 (0)? 


30 


eeu 


100 
10 


Max. 


170 
5.0 


ae 
5.0 


3200 nanoseconds is required to satisfy the minimum CCTL cycle time ree The COBIC 
operates properly with 0 nanoseconds minimum cycle time bec pt that the CCTL cycle time is not. 


satisfied. 





‘SYSERR and SYSERR must be deasserted a minimum of 100 nanoseconds for synchronization. 


casiccik LEZ) Pt 
‘DMR NW 

DMR ' ——— | 
. 'DMRN GN 7 | | 

= | 

‘DMR G 
ms tDMG AS 

ee | 
AS 4 


toSN DMRN 


Figure 37 « CVAX 78 711 Bus Arbitration Timing 
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tpDMRN GN 


“tOMRN Z-——* 


snus rcOHaninnanimemenstannnninninnmmmnmsronamnn 





CDAL<31:00>. 


CS DP<3:0> 


BM<3:0> 


SYSERR 





tas NW 

| tAS AW 

taS DSR 7 tDSN ASN 
tos AW 

t : 

ASO'S tOSN DH 

'ASO H 
ert (. ) PARITY 


tDSN SRDYN(SERRN) 







'SRDY(SERR) DSN 
tSRDY(SERR) D 
toS SRDY(SERR}) 


NOTE: QUADWORD READ TIMING CAN BE DERIVED FROM THE TIMING ABOVE BY.USING 
tos NR AS NEGATION TIME OF DS. 


COBIC CLK 


Bl 


CCTL 


CDAL <31:00> 


cS DP<2:0> 


BM<3:0> 


SYSRDY 
SYSERR 


Figure 38 » CVAX 78711 COBIC to Local Memory Read Timing 


py | p2 {pt | p2 | Pi 




















taS NW 

tASAW 

tASDLY | 
tCCTLW 
tas DSwW——> tps NW tpSN ASN 
tpSAW : 
Sah DS1. "ps2 DS3 
tos DW 7 ‘ps DW 
ASO § 
| ! tpSN ON 
'ASOH 'SRDY DSN | 
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( STATUS ia i 
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tos SRDY _ 
( SERR} 'DSN SRDYN(SERRN} 


Figure 39 = CVAX 78711 CQBIC to Local Memory Write Timing 
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CVAX 78711 


ANA ES A N 





EOSHGeo Preliminary CVAX 78711 


COBIC CLK P24) Pl P2 Pi P2 Pi P2 P4 P2 | Pi P2 Pt P2 Pi P2 Pi P2 PI P2 Pl P2 Pi 


TAS NW 


2 . tAS AW 
AS 
: le~ TAS DSA r 'DSN ASN = 


tos AW 





taso S 
taSO H tDSN SRDYNISERRN) 


CDAL<31:00> q ADDRESS 


tASN BWZ 
BM<3:0> 


CS. DP<2:0> ( READ LOCK: — \ - 








'SRDY DSN 
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a milf 


SYSRDY 


'SERR SRDY 


tech 
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Figure 40 * CVAX 78711 CPU Retry Timing 









COBIC CLK 
TAS NW 
paisa TAS AW 
aS 
tASDLY tASN BWZ 
CCTL - 
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CDAL<31:00> ———f ADDRESS } 
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BM<3:0>: » i BMO © 
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taS NLMR UASN NLMRN 
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Figure 41 » CVAX 78711 Not Local Memory Reference Timing 
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Preliminary CVAX 78711 





Table 26 « CVAX 78711 CQBIC to Q22-bus Timing Parameters 


Symbol Definition | Requirements (ns) 


— Min. Max. 
37 
ae 
42. 

45 

40 
42 
43 
43 
60 
55 

mee 
35 
sts 
52 


toaek BBS7 assertion delay 

tac BBS7 deassertion delay 

tence _BDIN assertion delay 

tae BDIN deassertion delay 

Coe BDOUT deseeeenen delay _ 
nee BDOUT assertion delay  —> 
toa  BlAKO assertion delay ~ 

eee BIAKO deassertion delay 

aren BDAL data assertion delay 

Casati BDAL data deassertion delay 
tpsynca . BSYNC assertion delay 

town BSYNC deassertion delay 
Pie BWTBT deassertion delay _ ae 
towrem _ BWTBT assertion delay _ 

Hie BDAL data hold time 

tuorpat.. | BDAL read data hold time wares — 
... BREFhoddme 7. aa ae 
turpry ~~ BRPLY hold-time de taseomanetgren: oa i lot ee: | 3 eee ous 


ioPpetasololololelojololojalalts 


— 
© : 
| 


baie BRPLY setup time i. = _ 57 = 


tsorpar:  BDAL read data setup time a ea ae 
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BDAL<21:00> = §: | ADDRESS 
: a he THODAL tHORDAT 
; ~~ | be TOSYNCA ‘DSYNN 
BSYNC 3 
| e— 'DDINA tDDINHZ 
BDIN a 
toBS7HZ—» 

.. [aaeey ) een ee eR 


tpBS7A 


tSRPLY tSRPLY : Ss 
BRPLY | a 
BREF | \ | rs rs 


Figure 42 = CVAX 78711 CQBIC to Q22-bus Single Transfer Read Timing 
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‘BDAL<21:00> 7 ADDRESS \) READ DATA 
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BBS7 ' | oa | 


- tSRPLY | | tSRPLY tSRPLY 
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tHREF - 
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BREF ; — 


Figure 43 »« CVAX 78711 CQBIC to Q22-bus Block-mode Multiple Transfer Read Timing 
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Figure 44 » CVAX 78711 CQBIC to Q22-bus Nonblock-mode Multiple Transfer Read Timing 
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Figure 45 « CVAX 78711 CQBIC to Q22-bus Single Transfer Write Timing 


For Internal Use Only : 2-101 





j 
{ || oe ty 
if & 3: oe 
' we he ae 





haat CVAX 78711 
































_ CLIKOUT . ( 
'DODALA DORAL 
| | owe BOP ta Nincectsnr ta : ae Tt fe '00tN slice 
BDAL<21:00>_ ADDRESS’ M WRITE DATA (LOW WORD) hg "WRITE DATA) HIGH WORD) 
| tHODAL tHODAL 
oo] TOSYNCA—* 
BSYNC 
: 'DDOUTA . |  'DDOUTA—» 
ppeUy REFER 
| SINGLE 
tpBS tpBS7H TRANSFER 
DBS7A - ams| DBS7HZ | WRITE CYCLE 
SST TIME CHART 
| he 'WTBTA ‘WTBHZ 
BWTBT 


tSRPLY 


BRPLY — et 


ISRPLY 


CLKOUT 


| ‘DODALA 
tDODALA | Ho 'DQDLN 


ADDRESS 






BDAL<21:00> WRITE DATA (LOW WORD); | | ADDRESS | RL WRITE DATA 


(HIGH WORD) 















tHODAL ! 
tDSYNCA 
-'BSYNC 
‘DDOUTA ‘DDOUN © tDDOUTA 
BDOUT 
tOBS7A (DBS7HZ tDBS7A i” ke toBS7HZ 
— ( , x “IT REFER 
BBS? | cage eee mere SINGLE 
TRANSFER 
Sa oo — — rowren—e}_ fe Tne conan 
BWT8T 
'SRPLY 'ISRPLY 
— SS 
BREF 





Figure 47» CVAX 78711 COBIC to Q22-bus Nonblock Mode Write Timing 
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Table 27 » CVAX 78711 Q22-bus to CQBIG ‘Timi 


Symbol Definition  .. ———~——S~S*~S Requirements (ns) _ 











‘tppour (Data setup time oo ns ao Ge: Ue; yaish nQGegeqory oes 
tommertyy BDIN deassertion to BRPLY deassertion = vo - - 30. Sank, | 130 ag 





Sone BDIN assertion to BRPLY assertion 30 7 130 
tpiwrpLyo BD IN assertion to BRPLY assertion! A B 
towrety:  BDIN assertiontoBRPLY assertion == =. 30 160 | 
tommy: _BDINassertiontoBRPLY assertion” = 
toounion _Dataholdtime 
pee ~ "BDOUT sea to BRPIY Aaetion pace e 2 AT 3 0 oe 130 
tpourrpiye . BDOUT assertion to BRPLY assertion’ eh ones eae EF 
tpourrpty1... BDOUT assertion to BRPLY assertion’ ES oe BOB 160 
toournreryy =BDOUT deassertion toBRPLy deassertion ~ 30 130 
lee.  BRPLY assertion to valid-data - si umsetael 0 60 
tretynpin  BRPLY deassertion to BDINdeassertion’ =» = ———id150 ss 


trptypinn  BRPLY assertion to BDIN deassertion 200 — 











ener Data hold time 0 30 
trptynpour BRPLY deassertion to BDOUT assertion 150 — 
trptynsync BRPLY deassertion to BSYNC assertion 300 — 
trp.ypourn BRPLY assertion to BDOUT deassertion 150 — 
teinenis BSYNC assertion to BDIN assertion 25 — 


fen Address hold time 25 — 
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er CVAX 78711 


Symbol Definition ache a Requirements (ns) 
| ak Min. Max. 
tsynenw BSYNG deassertion width 100 — — 


'BRPLY for the first BDIN BDIN 
A=internal propagation d delay (20 ns+synch of BSYNC (30 ns)+CAM check (200 ns)+LM 
access + 50 ns from first DS deassertion—tsyncpin (max.) 
B=internal propagation delay (40 ns)+synch of BSYNC (80 ns) +CAM check (200ns) +EMAP 
access + LM access + 80 ns from first DS deassertion—tgyncpin (25 ns min.) 
7BRPLY after the second BDIN and before crossing quadword boundary 
>BRPLY for the first BDIN after crossing quadword boundary 
C=synch of BDIN (30 ns) + LM access + 150 ns from AS deassertion-two BDIN 
D =synch or BDIN (80 ns) +LM access + 180 ns from AS deassertion- two BDIN CQBIC starts to 
read LM when third BDIN is asserted, therefore - two BDIN 
‘BRPLY for the first BDOUT ns 
E=internal propagation delay (20 ns)+synch of BSYNC (30 ns)+CAM check (200 ns)+LM 
access + 150 ns from AS deassertion — tgyncpour (max.) 
F=internal propagation delay (40 ns)+synch of BSYNC (80 ns) + CAM check (200 ns) +EMAP 
access + LM access + 180 ns from AS deassertion —tsyncpour (25 ns min.) 
*BRPLY after the second BDOUT 
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Figure 49 » CVAX 78711 Q22-bus DATI to COBIC Doorbell Register Timing 
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Figure 51 * Q22-bus DATIO, DATIOB to CQBIC Doorbell Register or Local Memory Timing 
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Figure 52 * CVAX 78711 Q22-bus DATI and DATBI to CQBIC Local Memory Timing 
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Figure 53 CVAX 78711 Q22-bus DATO, DATBO and DATOB to CQBIC Local Memory Timing 
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. Features 


+ Supports VAXBI bus features of low interface cost, less than 800-nanosecond data access time, 
and high data integrity 0 : 





: High-level integration reduces module area required 


« Extensive error detection 


= Complete VAXBI bus arbitration, address ee ane sachin ose to. téduet hariiware and 
software protocol anh Gt ! 





= Single 5-volt ‘supply | 





Description 


The DC514 CMOS VAXBI Bus Interface Chip (CBIC) is a 133-pin integrated circuit that combines 
the functionality of the VAXBI 78743 BCAI and VAXBI 78732 BHC without the BCI bus lines. The 
CBIC is the interface between Digital’s VAXBI bus and a user-developed interface of a node. It 
functions as a buffer file, performs bus transactions, and decodes and matches addresses. Figure 1 
isa functional block ee of the CBIC. | 
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Figure 1» DC514 VAXBI Bus Interface Chip Block Diagram 
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‘The C CBIC operates with the VAXBI bus, which is a 32- bit, betel purpose synibondlca bes that 
can be used with single a processor or multi processor systems based on the VAX processors or other 
32-bit processors or compatible devices. The VAXBI bus has a maximum length of 1.5 meters and 
connects up to 16 intelligent nodes. The combined throughput rate of the nodes is 13.3 Mbytes/ 
second. This document assumes the reader has an understanding of the VAXBI bus and its 
operation. Refer to the VAXBI System Reference Manual ieee number EK-VBISY-RM-001) for 
information relating to its operation. 


- Pin and Signal Description 


This section describes the input and output signals and power and ground connections used by the 
CBIC. The signal and pin assignments are shown in Figure 2 and summarized in Table 1. The 
signals that communicate with the user interface through the integrated circuit interconnect bus 
are prefixed with II. Signals that communicate with the VAXBI bus are prefixed with BI. 
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Figure 2* DC514 Pin Assignments 
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Table 1 « DC514 Pin and Signal Summary 
Pine lt a Signal. Input/Output Definition/Function — 


J2,L1,K2,L2, ID<31:00> ee eee II Data Bus—Transfers data to or from the proc- 
M1,N1J3,M2, asst essor bus interface. 7 : 
P4,N5,P5, M6, | . : 

N6,P6,P7,N7, 

M3,N2,N3,M4, 

~P2,P3,N4;M5, 

N8,P8,P9,N9, 

M9,P10,P11, 

N10 


PRANILPD, IP<50>  TapuOuipa 1 Pacis party the forbes on th 
NR ~ = TED <31:00> lines. om 





‘Ki H3J1, H2, TIAH< 6:0> Input! ree ree fi Address—Controls the ice of = CBIC 
H1,M10 Miz 7 7 data buffer file (DBF) registers. 





K13,L14J 12 : TBM <3:0 > | Input! ee i Byte "Mask— Specifies which IID< mrs 
K14 | pine aceane | — and IIP<3: Oe — contain ane deta = a 
Sie toys cieauirge agersoe tortion PL transfelin 





io... ke Input!) = ~——s. Clock A—0 to 10 MHz external EPS ae 
Mi4.—s‘TICLKB.—sInput® «1. Clock B—-0 to 40 MHz external clock. 





M13 — CS Input" aes | aes Select—Initiates. data transfers to or 


Mi IDEN Input! :T Data Enable—Enables the transfer of data on 

: see, cong | | lines” IID < 31:00 > and parity on lines 
~ TIP<3:0> during II bus read operations of the 
DBE 


N14 TIRWEN aAnput'----- ~~ Tf Read/Write ‘Enable—Initiates an II bus: read or 
eee white access Operationtothe DBR 





E12 -IIDMAEN _Input'......._ I1DMA/Map Enable—If asserted hen a VAXBI 
bus request is pending, the CBIC executes an 
octaword transaction accessing the master-port 
DMA register. If deasserted when. the VAXBI bus 
request is pending, the CBIC executes a longword 

transaction nee the singh cas mae) rants 





G14. ——s«TTINCENA Input’ © Il Teeme Enable—_When pene de a 
| ; . : : VAXBI bus DMA increment enable transaction, it 
~ allows a pipelined increment of the address in the 

 master-port DMA or map address register. 
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Pin Signal =... - Input/Output: : Definitior 

F14,E14 IRQ < 1:05" ‘Input® eo IT declan < gaeg rc secd aa VAXBI bust trans- 

H12 IRAK Pipe er Tl roa Acknowledge—Indiéates ¢ that a 
requested VAXBI bus master-port transaction has 
been initiated. 





G13 HESTAT Output! II Event Status—Asserted ies che ESR 
receives the first unmasked event code to be 
generated since the register was previously read. 


G12... NBSTAT . Output' —_—siI Bus Status—Asserted when a biti in 1 the VAXBI 
: stove cond mek iy eta! bus error register is set. 
Jib. = +s fo eee | Output! [1 Select—Informs the slave port that i it has been 


~ selected by a VAXBI bus transaction: 








es ae TISTOP Output! “el Stop—Informs the slave port that it has lees 
ee OL ee ee ieee, ee selected by a VAXBI bus Stop transaction. — 





F 13,D14,F12, TEV <40> Output! ‘4s I Event—Indicate that a significant event in the 


E13,C14 Oe. take de. ake 2 __ CBIC or on the VAXBI bus has occurred. 
NB 2. TMTACLO ,. .,. Outpt’, IL ac ‘Low—Asserted when the line voltage . is 
ton. below a specified minimum level. oo 








yi4=——”—“‘i«&DMIC—=S™” - Output! oe I de Low—Indicates an impending loss ot He 


_. power. Also used for initialization during 
- powerup.. hu 


if) 


BL da - - - TIBROKE Input? II Broke—Used during self-test to indicate a 


node has failed and when to light the LED status 
indicators of the node.. x 


GL FI, @. F2, ‘BID< 31: > “Tnpur/Ourpur BI Data<31:00> yh a data and address 








E1,E2,DLE3, 7 | - information to and from the VAXBI bus and 
OLD Z.BRCgD ise bo performs arbitration. 

MDS, BZ, 42,0); ne aes TS ete Hi 

B3,A3,B4,A4, 

"BS; A5S,C6;B6; 

A6,A7,B7,B8, 

ABAGSBS|A10" 

Go. Bao) Alz2, ee a ; Input/Output? - BI Information—Transfers commands, master 
Bil a yoo identification, read status, and write masks. 





rina ge : Input/Output? BI Parity—Indicates parity for the 


.. BID<31:00> and BII< 3:0> lines. 


cL _ -BINOARB _sInput/Output? BI No Arbitration—Inhibits arbitration on lines 


BID <31:00>. Used during self-test to prevent a 
node from starting until all nodes are ready. 
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Al4_—_—S—s BIBUSY Sion BI 1 Busy. Indicates a transactionis in gropiees. 





A13,B12,C11 BICNF<2:0> Input/Output’ BI Confirmation—Indicates a response. to com 
mand and data cycles. 


4, re ae: 





P14 BIACLO Input? BI ac Low—Indicates that the ac line’ voltage BE a 
_ | he oe seetets chun, 28 critical bus component i is below a a safe li act nit. 


igub od t esses btowenc! @ To greet peelh orl within tei spend i limits. feb broveion 


— og separate - diffe sata CL wecie at ay node. 
“Used ‘with the -BIPHASE ‘signal to generate 


















trbe 


oe VAXBI bus timing. an 





DB . ; : a BPEASE ~ Tapa "i re ‘ BI Phase-ah iv MHz cna square y wave, sn generated 
bles ae oe! bene | by a separate differentia, ECL, asesiver,, at. gach 
node. cy if 


rie 





ae OUR TE onl diapatstoaeg 11 Voltage Re erence Reference generator resistor 
7 Ore yo ipo ich] art a Bie POCEEL << ‘to er Pris << Orel MATL ot IPO BI 





, Referencegenerator 1 resistor 








PEC Vas Input | aoe ome : : 
K3 ~~ ~DRVPWR__—siInput._ ~~; Driver Power—-5-Vde VAXBI bus driver power. 








C4,C7,C8,C10, GND Input  — —_—CODrriver Grouind—VAXBI bus driver ground. 
L12,M7,M8 





‘Standard 1 TTL Teas EAP ae ete 


| 1 Bus Interface signals - 
II Data (IID < 31: 00>) ag Dain tg? data dined saa cS transfer data between the I pe 
master and the CBIC data buffer file (DBF) registers. cata ; LST 


e DBF, one 





0 P arity (IP <3:0>)—When data i is transferred between the 1 bus 1 master and i the 





‘parity bit for each byte of data on IID<31:00> is transferre ec 
bytes and their associated parity bits are shown i in Table iz Tn a ‘dita ae transaction, aE CBIC 
generates and transfers parity. ‘During a data y write operation, the 1 i L bus: master generates: and 
‘transfers the aie These are Letasetaa lines. EAR ES ee, 
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~ Table 2 = DC514 II Data Parity Bit Assignments | 


Data byte — a Parity bit 
IID <31:24> — TIP3 

IID <23:16> IIP2 
IID < 15:08 > IIP1 
IID<07:00> . IIPO 


II Address (IIAH < 6:0 >)—During II bus read or write accesses to the DBF, the II bus master 
transfers a 7-bit address on theses lines to select the register to be accessed. When accessing the 
dual-octaword data buffer, this address selects the first byte of a longword access. The dual- 
octaword data buffer registers can be accessed on any even or noneven longword boundary.. A 
‘noneven aligned access to the eighth register wraps to the first register in the dual-octaword space, 
providing a circular address space. When accessing any other DBF register, only the upper five 
address bits are significant. The lower two bits are assumed to be zeros. 


II Byte Mask (IIBM < 3:0>)—During II bus read and write accesses to the CBIC DBF, these 
inputs specify which bytes of the data lines (IID < 31:00 >) and which bits of the IIP<3:0> lines 
contain valid information as listed in Table 3. In write accesses, any bytes that are not specified as 
being valid will not be written. During read accesses, bytes not specified as being valid appear as 
zeros on lines IID<31:00>, with correct parity generated on lines IIP<3:0>. By using the 
information on the IIBM<3:0> and IIAH<6:0> lines, every byte in the DBF can be accessed. 
Therefore, 8-, 16-, or 32- bit processors can be easily interfaced to the CBIC. 


Table 3 » DC514 II Byte Mask Assignments 


TIBM Line* = ~—__—s Valid data Valid parity 

> 2 t Oe oo ; 
Lo foebe Ls: L: 6 mDb<3100> TIP<3:0> 
H H H L_IUD<07:00> — IIPO 

H H L 4H _- IDp<15:08> IIP1 

H L H H = ID<23:16> IIP2 

L H H H- ID<31:24> — -TIP3 


*L =low level, H=high level. All other binary input combinations that ey the velit of two 
or three bytes on IID < 31:00 > are allowed. 


II Clock A (IICLKA)—lInput clock frequency that must be provided by the user. The CBIC is fully 
static, therefore the clock frequency requirement is from 0 to 10 MHz maximum. The IICLKA 
input generates the internal four-phase clock of the CBIC, which controls the II bus interface. This 
signal is synchronous with the IICLKB input and with all Il bus accessestothe CBIC. 


TI Clock B (IICLKB)—An input clock frequency of four times the frequency of IICLKA that must 
be provided by the user. This frequency is from 0 to 40 MHz maximum. The IICLKB input 
generates the internal four-phase clock of the CBIC that controls the II bus interface. This signal is 
| synchronous with the IICLKA input and with all II bus accesses to the CBIC; 


I Chip Select (IICS)—The II bus master asserts this input to initiate the U bus read ait write 
accesses to the DBF. In addition, the IICLKA input cycle of from ty to t,o) immediately preceding the 
assertion of this input defines the address subcycle of an II bus access. The ty.) of the address 
subcycle defines the deasserting edge of an address strobe signal and latches the address and byte 
mask information on lines TAH <6:0> and IIBM <3:0> by the II bus master. 
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II Data Enable (IIDEN)—The II bus master asserts this input during II bus read accesses to the 
DBF to enable the CBIC to transfer data and parity to lines IID < 31:00 > and IIP<3:0>. During 
II bus write accesses to the DBF, the input IICLKA cycle of from t, to t,o) immediately preceding the 
assertion of the ITDEN input, defines the data subcycle of an II bus access. The t;») of that data 
subcycle defines the deasserting edge of a data strobe, latching data and parity values placed on 
lines IID < 31: 00 > and IIP <3:0> by the II bus master. 


II Read/Write Enable (IIRWEN)— During tio Of an address auheycle, the 1 bus master asserts this 
input to initiate an II bus read access to the DBF and deasserts i it for an II bus write access. 


II DMA/Map Port Enable (IIDMAEN)—If asserted during a VAXBI bus transaction request to the 
II bus master, the CBIC executes an octaword'VAXBI bus transaction to access the master-port DMA 
registers for the data, address, and command information. If this signal is deasserted during a 
VAXBI bus transaction request to the II bus master, the CBIC executes a longword VAXBI bus 
transaction accessing the master-port map registers data, address, and command information. 


II Increment Enable (IIINCENA )—When asserted during the request and execution of a DMA 
VAXBI bus transaction, this input enables a pipelined i increment of the address in the master-port 
DMA address register to occur. The next octaword transaction to be requested and executed by the 
CBIC accesses the next sequential octaword in VAXBI bus memory. Th is operation eliminates the 
need for the II bus master to update the master-port DMA. address regi 

transaction of a block move operation. When asserted during a map VAXBI bus transaction, this 
signal performs a similar function with the master-port map address register. The address of the 
next master-port map transaction is incremented by a = instead of fsesulting in an octaword 
increment. . ayy | 


II Request (IIRQ < 1:0 >)—These inputs are elassenad by the I ‘58 master to request a VAXBI bus 
transaction that executes a CBIC transaction. When the URQi input is asserted, a loopback 
transaction is requested. This is used only when accessing a GBIC node or user CSR space ce through 
the the longword master-port map read or write VAXBI bus transactions.. Asserting the HRQi: and 
TIRQO inputs selects the CBIC diagnostic mode. 


Il Request Acknowledge (ITRAK)—The CBIC asserts this output to indicate that a requested 
VAXBI bus master-port transaction has been initiated. This output is -deasserted when the 
transaction has been completed. Transaction requests for the next VAXBI bus transaction can be 
initiated before the deassertion of the acknowledgment of the c current VAXBI vot transaction. Ents 
output is synchronous with the VAXBI bus clocks. | CARY © A OTEES AUER Db 


II Event Status (IESTAT)—This output is asserted wheli the event status register ‘has captured the 
first unmasked event code since the previous reading of the register and deasserted when the event 
status register is read. The CBIC ee - assertion and eeeeGee of this Sree with the 
IICLKA and IICLKB clock signals. pa aE, : 


II Bus Status (1 (IIB IBSTAT)—This input is asserted when an 1 error is dee during a loopback 0: or 
VAXBI bus transaction causing a bit to be set in the VAXBI Bus Error Register (BER). It is 
deasserted when the BER is cleared. The BER can be cleared by the II bus master or by another 
node on the VAXBI bus. The II bus master clears the BER by performing a master-port map 
loopback longword transaction. The assertion and deassertion of this input is synchronized with 
the IICLKA and IICLKB clock inputs. The BER is described in the VAXBI System Reference 


Manual. 


II Select (IISEL)—The CBIC asserts this output when a ‘VAXBI bus transaction selects the slave- 
port interface on the II bus. The BCI Control and Status Register (BCICSR) in the CBIC allows the 
user interface to create a customized subset of VAXBI bus transactions that select the slave port in 
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Preliminary 


this node. As an example, nodes ‘that are not to respond to multicast space read- or write-type 
commands can clear the MSEN bit 15 in BCICSR. Refer to the VAXBI System Reference Manual for a 
description of the BCICSR. Therefore, the IISEL is asserted upon the receipt of a CBIC transaction 
that addresses multicast space. It is asserted for the following conditions: 


: When a read- or write-type command has been received whose address is in the range of the 
starting and ending address registers as defined in the VAXBI System Reference Manual. 


- Aread- or write-type command has been received whose address i is in the range of malricast space 
and the MSEN bit 15 i in the BCICSR i is set, 


« An IDENT command has been deceived anal the IDENTEN bit 11 in = BCICSR is set. 


- A BDCST command directed to this node has been received and the BDCSTEN bit 17 in the 
BCICSR is. set. 


-A Stop command directed at this node has been received, and the STOPEN bit 13 in the BCICSR 


~ is set. In this case, the I ISTOP output is also asserted simultaneously with the IISEL output. 





. A Reserved command i is received and the RESEN bit 12 in the BCICSR is set. 
« An IPINTR command directed at this node and matching the IPINTR Mask register has been 


~ received and the IPINTREN bit 05 in the BCICSR is set. 


: An INTR command directed at this node has been received and. the INTREN bit 06 i in the 
_BCICSR i is set. | 


= An INVAL Sommand or a write- oe ane not aie to fhe range -. addresses defined by 
the starting and ending address registers has been received and the INVALEN bit 10 or 


. WINVALEN bit 09 in the BCICSR is set. 


« A read- or write-type command matches the user interface CSR space of this node _ the 


UCSREN bit 08 in the BCICSR is set. 


If the SCSYNC bit 26 of the CBIC CSR is not set, the TISEL TISEL output is spnchroncusly asserted bg the 
CBIC with respect to the IICLKA and IICLKB clock i inputs and remains asserted for one or more 
succeeding TICLKA cycles. , 


If the SCSYNC bit 26 is set, the SEL output is sie hivalonils asserted with caencst to the VAXBI 
bus and remains asserted for one VAXBI bus cycle: The user must synchronize to the node’s clock. 
This mode can be used when the system clock is significantly slower than the VAXBI bus BIPHASE 
clock. : 


II Stop. (ISTOP)—This o eatnue is eee hen a Sip sermand has Ree received and ‘hie 
STOPEN bit 13 is set in the BCICSR. The IISTOP output is asserted for one or more succeeding 
IICLKA cycles or one VAXBI bus cycle depending on the state of the SCSYNC bit 26 in the CBIC 
CSR. It is coincident with the TISEL output. 

I Event (EV< 4:0> )—These outputs indicate significant events haves pecubned in the CBIC or 
on the VAXBI bus.. The event codes are described in the VAXBI System Reference Manual. The octal 
code on the EV <4:0> lines correspond to the bit position in the event status register (ESR). 

(Example: Octal code 30 represents the event defined by bit 30 of the ESR described in this 
document.) | ‘, 
If the EVSYNC bit 27 of the CBIC CSR is not set, the information on lines TEV<4:0> is 
synchronized with the IICLKA and IICLKB inputs by the CBIC. The information remains for one 
or more succeeding IICLKA. cycles. If the EVSYNC bit is set, the event information is generated 
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BI bus cycle. The user 
must provide synchronization of the node clock. This mode can be used = nodes pei the a 
clock is slower, than the VAXBI bus: BIPHASE clock input. 

II ac Low (IACLO)—This output is asserted when the line voltage is bulow the minimum level 
specified. It performs the same function.as the BCIACLO signal of the BIIC which is defi 

VAXBI System Reference Manual. oe 
II. de Low (IIDCLO)—This output is asserted’to indicate that a dc power loss will occur. It i 

for initialization during the powerup sequence. It performs the same function as the BCID DCLO 
signal of the BIIG which i is defined in the VAXBI System Reference . ies 


synchronously with the VAXBI bus information and remains for one VAXB 








VAXBI Bus Interface Signals _ 
The following signals connect to the VAXBI bus. Most signals can be nee Gah and the 
VAXBI bus provides a pullup resistor for each signal. The signals that require an open-drain circuit 
between the signal and VAXBI bus are indicated. Refet to t os rea Sytem Refer nce | ce | Martual for a 
more complete description of these signals: oo Ue hee 


BI Data (BID < 31:00 >)—These bidit ‘tbat lines are ‘the | primary information, path of the 


VAXBI bus. All address and data transfers and arbitration s sequences occur on these lines. 








BI Information (BIL<3: >)—These bidirectional lines transfer commands, ence ded master 
identification, read status codes, and ° write masks. Commands can, be directed to one or more 
coc des and types a are listed i in 1 Table 4, 





nodes depending on the type of command. The command ¢ c 








BII Line Type* Command/Description 

3 2 1 «0 ‘ 
H H H H —. - Reserved 

Ss Sale > aaa = cada Fug) Read ea eee 
Me ee SR > RCI Ree ith uch intent _ 

H H L_L_ SR IRCI/Interlock tread with cache intent 

H L H. «4 SR ns WCI/Wite ante cac chet intent - 

H L L H .SsR_... UWMCI/Unlock write mask ah cache’ intent 
H L LL SR. WMCI/Write mask with cache intent 

L H H H MR _INTR/Interrupt 

L H H L SR. IDENT/Identify 

L H L H — Reserved 

L H L L —~— Reserved 

L L H H MR. Stop 

L LH LMR #INVAL/Invalidate ne 

L ~&L LH MR ___ BDCST/Broadcast (reserved) 

L LLL MR _ | IPINTR/Interprocessor interrupt 


*SRi is a single responder and MR is more than one responder. 


BI Parity (BIP)—A bidirectional signal that indicates the parity of the BID<31:00> in 
BII<3:0> information. It is asserted to generate odd parity if the st sum of asserted bitsi in these two 
fields is an even number. ‘ re 
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BI No Arbitration (BINOARB)—A bidirectional signal that is asserted’ to inhibit using the 
BID < 31:00 > line information when nodes are arbitrating for control of the VAXBI bus. It is also 
used during the CBIC self-test program to prevent other nodes from starting transactions until all 
nodes are ready to participate. : 


BI Busy (BIBUSY)—A bidirectional signal that is pecs to indicat tha a transaction is in 
progress. , 

BI Confirmation BrENE 2: i a rs aes soee lines contain the i aes to command 
and data cycles. me 7 : 


BI ac Low (BIACLO)—This input eitiaiedees that the ac line eset of a critical bus component is 
below a specified minimum level. 


BI de Low (BIDCLO)—This input indicates that the dc voltages are > not ¢ within aa pected 
limits. 


BI Broke (BIBROKE)—This i input drives the BIBAD om i the VAXBI bas to inform the systems 
on the VAXBI bus that a self-test failure of a node has occurred. It is also used to determine when 
the status LED indicators of a node will be lighted. An open-drain buffer circuit is required when 
connecting this signal to the VAXBI bus. 


BI Timing (BITIME)—This i input is a 20-MHz square-wave signal that j is generated by an cna 
differential ECL receiver at each node. This input and the BIPHASE input are used by the CBIC to 
generate all the required VAXBI bus synchronous timing ‘signals. An open- -drain buffer circuit is 
required when connecting this signal to the VAXBI bus. 

BI Phase (BIPHASE)—A 5-MHz square-wave input that is generated by an external differential 
ECL receiver device at each node. It is used with the BITIME input to generate all required VAXBI 
bus synchronous timing signals. An open-drain buffer circuit is required to connect this signal to 
the VAXBI bus. 


Standard VAXBI Node Registers 


The CBIC contains standard node registers that are defined in the VAXBI System Reference Manual 
and listed in Table 5. The CBIC register functions that are different from those defined in the 
VAXBI System Reference Manual are described. 


Table 5 » DC514 Standard VAXBI Node Registers 


Register Hi | | Mnemonic _ Address* 
Device = _ | DTYPE - bb+0 
VAXBI Control and Status | | | VAXBICSR  bb+4 
Bus Error | BER  bb+8 
Error Interrupt Control -. EINTRCSR bb+C 
Interrupt Destination _. INTRDES  ~—_ bb + 10 
Interprocessor Interrupt Mask . wesc IPINTRMSK .  bb+14 
Force-bit IPINTR/STOP Destination came Hisense ELPSDEO 43 bb+ 18 
Interprocessor Interrupt Source dete, teil IPINTRSIC bb+1C | 
Starting Address. ee SADR | : bb +20 
Ending Address ee oe EADR : ~ bb+24 
BCI Conttoliand Status (st te Jisngie UBCICSRiid «-J8> bb4'284 
Write Status: peer ee en OWSHTAT: conenpcca <bbe2C | 
Force-bit IPINTR/STOP command FIPSDES =) bb +30 
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Register | Mnemonic  Address* 
User Interface Interrupt Control | . UINTRCSR  bb+40 
Bus Error Mask | BEMR bb + 48 
General Purpose 0 | ree GRO, _bb+F0 
General Purpose 1 ects ahaha : -GPR1 : _ bb+F4 
General Purpose2 GER? _.... bb+F8 
General Purpose3 PNT ar BEALE TRIE EDR . _. bb+FC 


*bb is the base address of the first osgaes he nota The Bus Error Mask Regiaie (BEMR) 
is implemented in the CBIC but not defined in the VAXBI System 'R ofere 


Bus Error Register—The User Parity I Enable’ (UREN) bit ss ut the. CBIC reaister. is not writable 
and read as a zero. 


Bus Error Register—The User sth Enable © (UPEN)| bit 03 of ie CBIC register is not ae. 
and read as a zero. 





Bus Error Mask Register—Contains a ee heba a with the Bus Error Register 
(BER). Setting a bit in this register inhibits the assertion of the TIBSTAT outpur: when the 
corresponding bit in the BER is set thereby disabling the interrupt request. : 


VAXBI Control and Status Register—The Broke bit 12 determines ied state ne thie BIBROKE 
output of the CBIC. It is a read/write (R/W) bit. | 


User Interface Interrupt Control Register—The External Vector (EXVECTOR) bit 15 of the CBIC 
register is not writable and is read as zero. Internal vectors are re provided § in response to IDENT 
transactions only. _ 


BCI Control and Status Register—The | BIIC.CSR Shidbe: Paable (BICSREN) ie 07 of the CBIC 
register is not writable and is read as a zero. Aecesses to the BIC CSR space are processed internally 
to the CBIC. | we Pps s : 





- Data Buffer File Registers _ 


The Data Buffer File (DBF) contains pilditighdl registers to ae sesaiaae VAXBI er These 
are the master-port registers, -slave-port ’ registers, control and status registers, and valid-bit-clear- 
on-read register. The hexadecimal address assignments and read/write capabilities of each register 
are shown. Refer to the VAXBI System Reinet Mariual for tegisters teferred to put not described in 
this document. | 


Master-port Reslitiis | spite ~ pea 
Master-port registers are used foi Il bins snitiated sabes 9 to the VAXBI tat The CBIC contains 
high-speed DMA master ports optimized for block data transfers and a map master port. Both the 
DMA master ports and the map master port have a command/address register with autoincrement 
capability and page-cross detection. A local processor can perform longword accesses to the VAXBI 
bus in the middle of a block DMA transaction without storing the state of the previous transaction. 
DMA Master-port registers—The DMA master port consists of a Port A octaword buffer and a Port 
B octaword buffer. It also contains an address register, command register, a next-page-frame 
register, and os sca bit registers as shown i in Figure 3. 








For Internal Use Only 2-117 


nnn SRE 





VAXBI DC514 












00 | _ MASTER PORT A, DMA DATA 0 


04 MASTER PORT A, DMA DATA 1 


08 | 




















~ Tpa~w_ DATA 


0c | - MASTER PORT A, DMA DATA 2 | 7 
1a MAS rd " WRAP— ° 
10 | > MASTER PORT B, DMA DATA 0 RAW: AROUND 


14] MASTER PORT B, DMA DATA 1 


18 | 





_. MASTER PORT B, DMA DATA 2 
ey NG | _ MASTER PORT B, DMA DATA 3 
20 | 
244 MASTER PORT DMA COMMAND REGISTER | RAW 
38 | MASTER PORT NEXT PAGE FRAME REGISTER PRA © 
add tae MASTER PORT VALID BIT REGISTER . TR. 
BC | MASTER PORT VALID BIT REGISTER leis 
60 MASTER PORT VALID BIT REGISTER “TR 
aS MASTER PORT VALID BIT REGISTER IR 
6B MASTER PORT VALID BIT REGISTER {R- 
ao MASTER PORT VALID BIT REGISTER {R- 
| MASTER PORT VALID BIT REGISTER Ro 
74 [Ro 


_ MASTER PORT VALID BIT REGISTER 


| Figure 3s DC514 Master-port DMA Registers 


The Master-port DMA data registers store eight contiguous longwords in tead/write memory. The 
registers are designated Master-port A registers (Data 0— Data 3) and Master-port B registers (Data 
0—Data 3). The longwords are organized into the octaword data buffers. The CBIC supports all 
possible address alignments to these buffers by using any four sequential bytes of the two.octawords 
_referred to as a transaction buffer. One transaction buffer may be accessed by an II bus transaction 
while the other is accessed by the CBIC master control device to generate a VAXBI bus transaction. 
If an overflow occurs when reading or writing from either octaword, it is automatically directed to 
the first bytes of the other octaword. For example, the fourth longword of an unnaturally aligned 
octaword transaction will extend into the first three bytes of the remaining octaword. , 


The Master-port DMA Address register contains the address. for the aca alee ab of a 
-VAXBI bus master-port transaction during a DMA operation. If the IINCENA: input is asserted 
during the transaction request, the lower 9-bits of the address are incremented by 16. For the next 
‘master-port DMA transaction, this register contains the address of the next sequential octaword in 
VAXBI bus memory. When executing block DMA transfers, the increment feature eliminates the 
need of the II bus master to reload the DMA address before ge | the next VAXBI bus 
transaction. 


The Master-port DMA Command episteke contains thie VAXBI on Riese i fe anaad) 
address cycle of a VAXBI bus master-port transaction during a DMA operation. The 4-bit command 
is written into bits 19:16 of this register as shown Figure 4. 
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DMA COMMAND 


-Figume 4=DC514 Master rport DMA Command Register Format 


m4 


During II bus write operations to this register, only the bits asserted on data lines IID < 19:16 > are 
written. The CBIC checks for correct ‘parity only on these lines so that the value‘on IIP2 is a 
calculation for the four command bits. The parity on the — IIP3 and IIP< ee are 
not significant.’ ; F 





During II bus read operations of this register, bits 31:20 and 15 00 are read as zeros. The CBIC 
generates correct parity on lines IIP<3:0> forthe entire longword. «. ‘NC 


The Master-port Next Page-frame Register (NPFR) holds the map'for the next page. It is (ieloaded 
by the II bus master with the highest address of the next physical page to be accessed during a DMA 
block move operation‘after the DMA ‘address register has been incremented beyond a page 
boundary. When the DMA address register reaches a page boundary, bits 31:09 of the NP 
transferred to the Master-port DMA address register bits 31:09. This feature can increase the data 
throughput during block DMA transactions. Instead of halting while waiting for a new map, VAXBI 
bus transactions. can continue for up to a page while the II bus master fetches and loads the next 
map, via transactions through the master-port map. Bits 08:00 of this register are not transferred. 
During II bus write operations to this register, the information‘on data linés IID <08:00 > is fiot 
written: The CBIC checks for correct patity on lines IID < 31: 09: Be aa the’ Reel is indlicased on 
lines IIP<3:1>. The IEPO line value i is not significant: 9 : 


During I bus read operations, bits 08: :00 of this - register 4 ate read a as zeros. . The cBIC generates 
correct parity for the entire longword on lines IP<3:03- anne | 








One master-port valid-bit register is assigned to each of the Fein master-port data registers in he 
DBF. Figure 5 shows the master-port valid-bit. Tegister f formats. Bits 191 thr ugh 16< contain nthe valid- 
bit information related to each byte of data. | | 








*VALID BITS ~ 


Figure-5 = Dosi4 Masterport Valid bi Register Format 


Valid bits aré set when data is written into byte locations inthe data cegiaa if the byte mask input 
IIBM <3:0> that corresponds to the data location indicates that the data is valid: Table 6 lists the 
byte locations and their corresponding yalid bits. 
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“Table 6 + DC514 Master-port Valid-bit Register Assignments 


Master-port A Valid-bit -Master-portB —Ssé«Vallid-bit 
Register Register Register Register 
AddressByte AddressBit AddressByte AddressBit 
00 07:00 58 16 | 10 07:00 68: 16 
15:08 17 15:08 17 
23:16 18 23:16 18 
31:24 19 31:24 19 
04 07:00° 2. 5C 16: 14 07:00 6C 16 
15:08 | | 17 15:08 © 17 
23:16 18 23:16 18 
23:16 18 31:24 Edd 
08 07:00 60 16 18 07:00 70 16 
ig DOS , 17 | 15:08 ae | 
23:16. 18 23:16 18. 
31:24 19 31:24 19 : 
0C 07:00 64 = 16 1¢ 07:00 74 16 
15:08 | 17 | 15:08 17 
23:16 : 18 ; 23:16 18 
31:24 2 209 3:24 19 


The valid bit is used as the data mask on the BII < 3:0> lines during the data cycle of a VAXBI bus 
UWMCI or WMCI write transaction. The valid bits are accessible to the II bus as read-only 
locations in bits 19:16 of addresses 58 to 74 (hexadecimal). A valid bit is cleared when its 
corresponding byte is accessed by the CBIC master control device in supplying data for a VAXBI bus 
octaword write transaction. All valid bits are cleared by a II bus read transaction from location 7C 
and following the self-test of the CBIC. 


Map Master-port Registers—The map master port contains a longword data register, a mask/status 
register, an address register, and a command register as shown in Figure 6. 


WAH<6:0> | l10<31:00> , | 
31 00. 






28 







MASTER=PORT MAP DATA REGISTER 


2C 







MASTER= PORT MAP MASK/STATUS REGISTER 





30 | MASTER=PORT MAP ADDRESS REGISTER 


| MASTER= PORT MAP COMMAND REGISTER | 


Figure 6 = DC514 Master-port Map Registers 
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The Master-port Map Data register stores a eee of data during read or write migetiepont Paap 
transactions. 


The ea Map Mask/Status register contains mask Petaaaation peed map write transac- 
tions and status information during map read transactions. Figure 7 shows the register format. 
During VAXBI bus UWMCI and WMCI transactions to the master port, bits 19:16 of this register 
are preloaded by the II bus master with the 4-bit mask associated with the data in the master-port 
DMA data register. During II bus write operations to this register, only the information on data 
lines IID < 19:16> is written. The CBIC checks for correct parity on data IID<19:16> and the 
mask bit parity is indicated on line IIP2: The parity on lines IIP < 3,1:0> is not significant. 





MASK/STATUS BITS 





Figure 7» DC514 Master-port Map Mask/Status Register Format 


Following a VAXBI bus map read transaction to the master port, bits.< 19:16 > contain the 4-bit 
read status code for the data in the master-port DMA data register. During} IE bus read operation of. 
this register, bits 31:20 and 15:00 are read as zeros. The parity fo for she entire © longword is inate 
by the CBIC on lines P< a> aie 


The Master-port Map Address cbc comics the cldoing ie is os i : Liidladbess ie of a 


VAXBI bus master-port transaction during a map port operation. If the IIINCE 








‘NAinput is asserted 
during the transaction request, bits 08:00 of the address are incremented by a count of 4. For the 
next master-port map transaction, this register contain the:address of the next sequential longword 
in VAXBI bus memory. This feature eliminates the need of the II bus master to: morcton! she pues 
address before requesting the next transaction. , ) 


The Master-port Map Command. register provides the VAXBI bud couhssi fot the: ae 
address cycle of a VAXBI bus master-port transaction duringa map operation: ‘The: senses forriat 
is show in anise 8. Bits 19:16 of this canes contain anise comin and aafoeneltsor; fs 











meen, camer 
MAP COMMAND | 


UBere 8s DCsi4 Nisennent Map Command Réviter’ Fohinab-~! 


During II bus write operations to this register, only the information on,data lines ID < 19:16 > is 
written. The CBIC checks this information for correct parity and the parity of the four command 
bits is indicated on line IIP2. The parity on the IIP3 and IIP< 1:0> lines are not significant. 


During II bus read operations of this register, bits 31:20 and 15:00 are read as zeros. The parity for 
the longword is generated by the CBIC and indicated on the IIP < 3:0> lines. 
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Slave-port Registers a | , 
The Slave-port registers, shown in Figure 9, are used to respond to slave-port interface transactions. 


_ WAH<6:0> ; ew l1D<31:00> 


SLAVE PORT DATA REGISTER 
‘SLAVE PORT MASK REGISTER 
SLAVE PORT STATUS REGISTER 


_ SLAVE PORT ADDRESS REGISTER 


SLAVE PORT COMMAND REGISTER | 





Figure 9» DC514 Slave-port Registers 


The Slave-port Data register stores one longword of data during read or write slave-port 
transactions. The VAXBI bus transaction in process are normally extended. When this register is 
accessed from the II bus, the VAXBI bus transactions are terminated. Dutirig slave read 
transactions, the extension of the transaction provides time for the II bus master to read the slave- 
port command and address registers, to access local memory for the required read data, and to write 
the data into the slave-port data register. During slave-port write transactions, extending the 
current transaction prevents the execution of subsequent slave transactions that would result in the 
overwriting of data in the slave-port registers before being read by the II bus master. This register: 
should be accessed by the II bus master as soon as possible to ot an excessive extension of the 
VAXBI bus transactions. bx en 3 | 


The Slave-port Mask register, shown in Figure 10, contains the mask bits associated with the data 
in the Slave-port Data register. After receiving a UW MCI and WMCI VAXBI bus write transactions 
to the the slave port, bits 19:16 of this register contain a 4-bit write mask code associated with the 
write data in the slave-port data register. During II bus read operations of this register, bits 31:20 
and 15:00 are read as zeros. The CBIC generates correct parity for the entire longword on lines 
IIP<3:0>. 





MASK BITS 


~ Figure 10* DC514 Slave-port Mask Register Format ie 
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The Slave-port Status register contains the status information in the Slave-port data register during 
VAXBI bus slave port read transactions. The status information is preloaded by the II bus master in 
bits 19:16 as shown in Figure 11. During II bus write operations to this register, only the 
information on data lines IID<19:16> is written. The CBIC checks for correct parity only on 
these lines and indicates the parity on line IIP2. Parity bits IIP3 and IIP < 3:0> are not significant. 
A read response code must be written to this bts seh sii 1} Hous t master iid the bag on code 
changes from the previous slave read transaction. POs Sf Sboo it cm 





STATUS BITS 


Figure 11 « DC514 Slave-port Status Register Format 


The Slave-port taddiees register stores t a he address from the command)address cycle of a VAXBI bus 


slave-port transaction. : 

The Slave-port Command register stores ‘the command for the command/ / address ee of a VAXBI 
bus slave-port transaction. The command is stored in bits 19:16 as shown in Figure 12. During II 
bus read operations to this register, bits 31:20.and 15:00:are read as zeros. The CBIC generates 
correct parity for the entire longword on lines IIP< 3:0>. 








COMMAND : 


Fiesité 2 . DCs oe Conimand Reiter 


A 


Event and CBIC Coatmol and Status: Ragen om” 
The CBIC contains an Event: Status Register, an Event ‘Status Mask k Register and a + Control and 


Status Register st shown i in n Figure a 


_ EVENT STATUS REGISTER 


EVENT STATUS MASK REGISTER. - 





CONTROL AND STATUS REGISTER _ 


Figure 13» DC514 Event and CBIC Control and Status Registers 
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The Event Status Register (ESR) stores the first unmasked event code to be generated since the 
register was previous read. When the event code is received, the ITESTAT output is asserted. If the 
first generated event code has.a corresponding mask bit set in the Event Status Mask register 
(ESMR), then the bit in the ESR will not be set and TESTAT will remain deasserted. The next event 
code to be generated that does not have a corresponding bit set in the ESMR will cause the 
appropriate bit in the ESR to be set and will assert the ITESTAT output. One bit in the ESR is 
assigned to each event code that can be generated on the event code lines TEV <4:0>. Figure 14 
shows the register format. 


3130292827 2625242322 21 2019 18 17 16 15 14.13 12 11 100908 0706050403 020100 





LEGEND 

00 MASTER TRANSMIT CHECK ERROR 16 EXTERNAL VECTOR SELECTED, LEVEL 7 

01 BAD PARITY RECEIVED IN MASTER TRANSACTION 17 EXTERNAL VECTOR SELECTED, LEVEL 6 

02 RETRY TIMEOUT 18 EXTERNAL VECTOR SELECTED, LEVEL 5 

03 ILLEGAL CNF RECEIVED BY MASTER PORT IN DATA CYCLE 19 EXTERNAL VECTOR SELECTED, LEVEL 4 

04 BAD PARITY RECEIVED 20 IDENT ARB LOST 

05 NO ACK CNF RECEIVED FOR MASTER PORT COMMAND 21 ACK CNF RECEIVED FOR ERROR VECTOR 

06 ILLEGAL CNF RECEIVED FOR MASTER PORT COMMAND 22 NO ACK OR ILLEGAL CNF RECEIVED FOR FORCE-BIT IPINTR/STOP COMMAND 
07 READ DATA SUBSTITUTE OR RESERVED STATUS CODE RECEIVED 23 NO ACK OR ILLEGAL CNF RECEIVED FOR INTR COMMAND 
08 ACK CNF RECEIVED FOR NON-ERROR VECTOR, LEVEL 4 24 ADVANCED RETRY CNF RECEIVED 

09 = ACK CNF RECEIVED FOR NON-ERROR VECTOR, LEVEL 5 25 INTERNAL REGISTER WRITTEN 

10 ACK CNF RECEIVED FOR NON-ERROR VECTOR, LEVEL 6 26 RETRY CNF RECEIVED FOR MASTER PORT COMMAND 
11 ACK CNF RECEIVED FOR NON-ERROR VECTOR, LEVEL 7 a7 SELF-TEST PASSED 

12 BUS BSY ERROR 28 BUS TIMEOUT 

13 ILLEGAL CNF RECEIVED FOR SLAVE DATA 29 ACK RECEIVED FOR SLAVE READ DATA 

14 BAD PARITY RECEIVED DURING SLAVE TRANSACTION 30 MASTER PORT TRANSACTION COMPLETE 

15 STALL TIMEOUT ON SLAVE TRANSACTION 31 BAD PARITY DETECTED STATUS 


Figure 14 = DC514 Event Status Register Format 


Reading the ESR clears the register for the next unmasked event code and deasserts the IIESTAT 
output. Bit 31 of this register is a bad parity detected status bit that is set for the following 
conditions: 


: Parity is generated for every longword written into the DBF by the CBIC control device during a 
VAXBI bus transaction that services the BI Interface. The parity is compared with the parity bit 
generated by the BI interface for the same longword. If the parity is different and bit 31 in the 
ESMR is not set, then bit 31 in the ESR will be set and the IIESTAT output will be asserted. 


- Parity is generated for every byte read from the DBF by the CBIC control device during VAXBI 
bus transactions that service the BI interface. This parity is compared with the parity stored with 

_ the byte when it was written by the II bus master or slave. If the parity is different and bit 31 in 
the ESMR is not set, bit 31 in the ESR will be set and the ITESTAT output will be asserted. 


During II bus read operations to this register, the CBIC generates the parity for the entire longword 
on lines IIP< 3:0>. 


The Event Status Mask Register (ESMR), shown in Figure 15, determines which event codes are 
stored by the ESR. Each ESMR bit corresponds to one of the event codes that can be generated on 
TIEV <4:0>. A bit set in this register prevents the corresponding event code from setting a bit in 
the ESR. Parity is not checked because this register is not accessed by the CBIC control device. 
During II bus read operations from this register, the CBIC generates correct parity for the entire 
longword on lines IIP<3:0>. During II bus write operations to this register, parity on lines 
IIP <3:0> is not significant. 
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3130292827 2625242322 21 2019 18 17 16 15 14 13 12 11 100908 0706050403 020100 





LEGEND 
00 - MASTER.TRANSMIT CHECK ERROR 16. EXTERNAL VECTOR SELECTED, LEVEL 7 
01 — BAD PARITY RECEIVED IN MASTER TRANSACTION he “47> EXTERNAL VECTOR SELECTED, LEVEL 6 
02 RETRY TIMEOUT 18 EXTERNAL VECTOR SELECTED, LEVEL 5 | 
03 ILLEGAL CNF RECEIVED BY MASTER PORTINDATACYCLE =——=*=«WD—s EXTERNAL VECTOR'SELECTED, LEVEL'4 
OS “ROMER CRF ReceneD 1a a pety Car Recent FOR ERROR VECTOR 
O05 NO ACK CNF RECEIVED FOR MASTER PORT COMMAND, 
06 ILLEGAL CNF RECEIVED FOR speodlaida il COMMAND 22 NO ACK OR ILLEGAL CNF RECEIVED FOR FORCE-BIT IPINTR/STOP COMMAND | 
07 READ DATA SUBSTITUTE OR RESERVED STATUS CODE RECEIVED 23. NOACK ORILLEGAL CNF RECEIVED FOR INTR COMMAND 
O08 ACK CNF RECEIVED FOR NON-ERROR VECTOR, LEVEL 4. » 24. ADVANCED RETRYCNF RECEIVED =. fod 
09 ACK CNF RECEIVED FOR NON-ERROR VECTOR, LEVEL 5 ~ "25° ~~ INTERNAL REGISTER WRITTEN 
10° ACK CNF RECEIVED FOR NON-ERROR VECTOR, LEVEL 6~ 26° RETRY CNF RECEIVED FOR MASTER PORT- COMMAND 
11. ACK\CNF RECEIVED FOR NON-ERROR VECTOR, LEVEL 7. 27... SELF-TEST/PASSED. 
12° BUS BSY ERROR. Me 28 BUSTIMEOUT — 
13 ILLEGAL CNF RECEIVED FOR SLAVE DATA . 29 _ ACK RECEIVED FOR SLAVE READ DATA ag 
14° BAD PARITY RECEIVED DURING SLAVE. TRANSACTION: Po 30 MASTER PORT FRANBACTION COMPLETE 


15 STALL TIMEOUT ON SLAVE TRANSACTION 31 NO Eve : 


Pale 


The CBIC Control and Status Register (CBIC CSR) controls and monitors ‘miscellaneous CBIC 
operations. During II bus write operations to this register, only the information on data lines 
IID < 31:26 > is written. Parity is not checked because the CBIC control device does not access this 
register. Parity on lines IIP<3:0> is not significant. During II bus read operations from this 
register, bits 25:00 are read as zeros. The CBIC generates parity for the longword on IP< 30>. 

The register. format i is shown in oe 16. a. is Cheatetiaes oe bit peaee 


Yn OD OR Foc OOO Tg ir a 80 









3¢ "EVENT STATUS REGISTER 
EVENT STATUS MASK. REGISTER a - 


78 | CBIC CSR 





/ scsync 
— EVSYNC 
PMS 
MAC 
TMC 
- CDTSC 


Figure 16» DC514 Control and Status Register Format 
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Bit 
31 


30 





Table 7 « DC514 Control and Status Register Description 
Function — coma 


CDTSC (CBIC driver three-state control)—Not set during normal operation. This 
function is used during in-circuit and production testing. When this bit is set, the II bus 
drivers and the BIBROKE output become a high-impedance. ! 


TMC (Turbo mode control)—Enables the VAXBI bus drivers to operate a 100 
nanosecond bus cycles instead of the normal 200 nanosecond bus cycles. 7 





29 


28 


26 


25:00 


MAC (Master abort control) —When set, a master abort condition is recognized by the BI 
interface. After recognition, this bit is. cleared. Refer to. the VAXBI System. Reference 
Manual for detailed information. 


PMS (Parity mode select)—Selects the source of the parity passed by the CBIC when 
moving data from the DBF to the VAXBI bus. When cleared, the user control parity mode 
is selected and parity errors from the II bus or the DBF are passed to the VAXBI bus. 


_ When set, internal parity mode is selected and the CBIC regenerates valid parity to be 
passed: to the VAXBI bus. This bit does not affect operation of the bad parity detected bit 
inthe ESR. Although valid parity is passed to the VAXBI bus in internal parity mode, the 
a original parity errors are detected and recorded in the ESR when the bad parity detected | 
biti is not masked by the ESMR. | | 


27 


EVSYNC (Event synchronightion)— When eae hiv =e pear re the 
HEV <4:0> outputs with the IICLKA and IICLKB clock signals. The TEV<4:0> 
outputs may be asserted for one or more IICLKA cycles depending on the difference of the 
frequency between the II bus clocks and the VAXBI bus clocks. When this bit is set, 
external synchronization is required by the user, This mode may be selected to prevent 
missing VAXBI bus event codes when the II bus clock timing is eteRcauey slower than 
the VAXBI bus clock timing. : oe 


SCSYNC (Slave control synchronization)—When cleared, this bit synchronizes the IISEL 
and IISTOP outputs the IICLKA and IICLKB clock signals. The ITSEL and IISTOP signals 
may be asserted for one or more IICLKA cycles depending on the difference of the 
frequency between the II bus clocks and the VAXBI bus clocks. When this bit is set, 
external synchronization is required by the user. This mode may be selected to prevent 
missing slave selection notification when the II bus clock timing is significantly slower 
than the VAXBI bus clock timing. ish OY 








Reserved and cleared to zero. 


The Valid Bit Clear-on-read Register, shown in Figure 17, is used to clear the information in the 
Master-port Valid-bit registers in the DBF. An II bus master read operation from this register clears 
the eight Master-port Valid-bit registers to invalidate all locations in the Master-port DMA A and B 
octaword buffers. It also resets the internal-state machines of the CBIC that are associated with 
DMA port functionality including the internal octaword buffer pointer to the first octaword data 
buffer. After a block move operation has been terminated as a result of an error condition, this 
register is used to clear the valid bits before initiating another block move operation. It can also be 
used to clear the valid-bit registers following the successful completion of a block move transaction. 
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31 2423 1615 0807 





_~ Figure 17+ DC514 Valid Bit Clear-on-read Register Format 


mm EE Taaee rs eee a 


During II bus read operations ‘froin this register, ‘the CBIC generates ¢ correct t parity for the ¢ entire 


longword on the D TIP < 3: 0: > lines.” ie "j 





Functional O} petation 





his section piovides facing rit ssdatious related to the operation of the CBIC. Refer to the 
VAXBI sac soars artis ices estas information af thee serene ara! ran oases 





Master-port Functions)” ge tey gold satel iqinestn! bereogils eualD . 
If a Retry confirmation: a is socion duittigre: amap or D ‘DMA’ ‘gis; ‘or write. transaction ce a 
VAXBI bus master, the CBIC will retry the transaction until it is successfully completed. If the retry 
counter in the CBIC times-out before the transaction has been completed, the CBIC will 
discontinue the tetry attempt and will set the retry time-out (ice 'O) bit'20 in the Bus Error 1 register. 
An error interrupt is then initiated'if enabled and a RETRY time-out event’ code is generated if 
enabled. 


If a master-port transaction is retried, no new II bus master-port transaction requests are honored 
until either the master-port transaction has been completed-or a retry time-out occurs. If'a DMA 
master-port transaction is retried, the data in the octawo. d.bufferibeing used as the source for the 
transaction must not be changed. 


A retry transaction will be aborted by a VAXBI bus Stop transaction that: selects aaiianlgss CBIC 
asa — ane or = eek master abort bit ssn in the CBIC CBR is set.” OVE 








ae 
Uae : 


uate ere de Se . et betes ‘i epee RUROETA Bat ; e se TY : sproet ork: 
During a VAXBI bus slave-port ead ¥ transaction: shine eh CBIC is be aac las a slave, the CBIC 
extends the transaction until the IP bus master can‘read the slave-port address register in the DBF 
and write the correct information to ’the'slave-port data and’ status iam a ce data 


register should be the last register accessed. Ke] 


The CBIC is limited to a maximum cycle « extension of pees JAXBI es iadll mers ‘The i aes slave 
must respond with the read: data’ and” ‘must read ae ia cat sid Die sche ‘within’ 1 2 


microseconds after the ITSEL signal is asserted. 2) eSB aU 




















When two write transactions to slave-port registers are Ried in dtoxtniiy to FeRP men the’data 
written by the first transaction may be overwritten by the data from the second transaction. To 
prevent this condition, the CBIC extends the data cycle ‘of the first transaction by i issuing stall cycles 
until the II bus’ slave can access these ’ — The last. wegistte to ped accessed thee watt I Puy slave | 
sala be sind ee mnie ae data ee ane, Pee OB) as Woe Tt oe . 
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Preliminary 


VAXBI Bus Transactions | 
The following are VAXBI bus limitations and considerations: — 


= The CBIC supports only IDENT transactions with internal vectors. 


« When a Stop transaction is received and the CBIC is a selected slave, the CBIC acknowledges but 
does not extend the transaction and performs the following actions: 


1. Deasserts the BINOARB signal if a pending master state is aborted. 

2. Sets the INIT bit 13 in the VAXBI Bus Control and Status Register (VAXBICSR) 

3, Removes all current transaction requests at the II bus interface. 

4. Ignores all subsequent VAXBI bus transaction requests at the II bus Tere banged by 
asserting the ITRQO line by the II bus master and sets the INIT bit 13 in the VAXBICSR. 
Subsequent loopback transaction requests presented at the II bus interface caused by 

assertion of the IIRQ1 by the II bus master are processed normally. . as ar 

5. Resets the master and slave sequencers of the CBIC. As a result of this action, bs master port 
interface that send a Stop transaction to its own slave-port interface will not receive a summary 
event code. 

6. Clears all posted interrupt states. This clears the Sent and Force bits in the user’s interface; the 
error interrupt control registers, the Retry state if it exists, the Rey counter, and the HEIE bit 

7 and SEIE bit 6 in the VAXBICSR. aR 





Clearing the STOPEN bit 13 in the BCICSR suppresses the generation of the TISEL and TISTOP 
outputs. The CBIC does not perform the initialization previously described. 


Diagnostic Features 


The CBIC contains diagrditic featutes to ensure selidisic’s operation and to facilitate maintenance 
including self-test programs, parity generation, and a diagnostic mode. fo ta aeg. : 


Self-test and Initialization : 

The CBIC performs a self-test operation tse the powerup sequence wai as east of a Soden reset 
sequence. During either sequence the self-test begins after the IIDCLO input is deasserted. During 
the powerup self-test, the BINOARB signal is held asserted to prevent bus activity. During a node 
reset self-test, the BINOARB signal remains deasserted. In the cycle following successful comple- 
tion of self-test, the CBIC transfers the self-test passed event code and sets the Self-Test Status 
(STS) bit 11 in the VAXBICSR. This bit is cleared during powerup. morons 


The absence of a self-test passed event code indicates that the self-test has failed bid i CBIC 
deasserts all VAXBI bus drivers by using a redundant driver disable signal. The duration of a 
successful self-test is approximately 4096 cycles (0.82 milliseconds). If the self-test is not 
completed in this time, a timer terminates the self-test after approximately 2.5 million cycles (500 
milliseconds) and disables the VAXBI bus drivers. : 


The II bus master can determine the result of the self-test dperation by warns for. hie selfet test 
passed event, code to be received or by reading the STS bit 11.in the VAXBICSR. A loopback 
transaction is used to read the VAXBICSR because the STS bit is.also used to enable the VAXBI bus 
drivers. If self-test fails, the STS bit is cleared, the VAXBI bus drivers remain disabled, and a VAXBI 
bus transaction from this node cannot be successfully completed. A loopback transaction that does 
not use the VAXBI bus data path can be performed provided that the self-test failure does not 
disable the loopback read transaction by the CBIC. 
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Parity Generation 

The BIIC generates and decks odd parity. A parity bit is seinetated for each byte of aaa in the DBF 
including command, mask, status, or valid-bit field bytes. The parity bit remains associated with a 
data byte when the byte alignment changes for odd VAXBI bus addresses in the DMA master port. 
During II bus read operations, the parity bits associated with nonexistent bytes is supplied 
correctly. This includes the upper bytes during shifted read operation to non- aaparound registers 
and bytes of registers that are read as zero. 33 


Parity is generated for every byte that is read from the DBF by the CBIC control logic as it services 
the BI interface during a VAXBI bus transaction. This parity is compared with the parity bit stored 
with that byte when it was written by the II bus master or slave to the DBF. If the parity is different 
and bit 00 in the ESMR is not set, the bad parity detected bit 31 in the ESR is set t and the ITESTAT 
output is asserted. 


The Parity Mode Select (PMS) bit 28 in the CBIC CSR determines which parity bit is passed when 
moving data from the DBF to the VAXBI interface. When set, internal parity mode is selected and 
the CBIC regenerates good parity. When cleared, user parity mode is selected, and parity errors 
from the II bus or from the DBF are passed to the VAXBI bus. Any write transactions to memory in 
progress when a parity error is detected will be aborted. The PMS bit should be set if parity is not 
implemented in the user’s adapter. The CBIC would then generate good parity to be passed to the 
VAXBI bus regardless of the parity previously detected. The state of the PMS bit does not affect 
operation of the bad parity detected status bit 31 in the ESR. Previous parity errors are detected 
and recorded in the ESR when the bad parity detected bit is not masked by the ESMR. 


For every longword written to the DBF by the CBIC when servicing the VAXBI interface, parity is 
generated and compared with the parity bit generated by the VAXBI interface for that longword. 

When the parity is different and bit 00 in the ESMR is not set, the bad parity detected bit (bit 31 in 
the ESR) is set and the ITESTAT signal is asserted. 

Diagnostic Mode 

The CBIC implements a subset of the diagnostic mode used in the BIIC. Refer to the VAXBI System 
Reference Manual for detailed BIIC information. This mode can be used to develop bus testers and 
other diagnostic equipment to facilitate the testing of the CBIC and provide more flexible access to 
the VAXBI bus. 

The CBIC implements one of the two BIIC transparent modes. The II bus signals are reassigned for 
correspondence between the VAXBI bus signals and II bus signals as shown in Table 8. 


Table 8 » DC514 VAXBI Bus and II Bus Signal Correspondence | 








II Bus Signal State ~_ VAXBI Bus Signal 
IID < 31:00> inverted _ : ‘pl: 
IIP<3:0> inverted — BI<31:00> 
IIBMO inverted BIP 

IIEVO | - not inverted | -~BICNFO 

HEV1 not inverted BICNFIi 

HEV2 not inverted BICNF2 

TIEV3 not Inverted BINOARB 

TEV not Inverted BIBUSY 
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In transparent mode, the user’s interface transfers data on the IID, IIP BM, and EV lines 
synchronously with the VAXBI bus clock signals. The CBIC asserts the data on the VAXBI bus. The 
diagnostic mode code must not be transferred on lines TRQ<1:0> until the self-test has been 
completed. The diagnostic mode control signals TRQ<1:0> may be transferred concurrently 
with the code when the transparent mode is selected for the CBIC. 


eee Functions 

The II bus drivers are three-state outputs to facilitate in-circuit and production tests. When bit 08 
of the CBIC CSR is set, the II bus drivers, except the ITACLO and TIDCLO outputs, become a high 
impedance. This bit must not be set during normal operation. 





Powerup Operation 
During powerup operations, the CBIC asynchronously asserts the IDCLO output after ‘ne te 
BIDCLO input is asserted and all VAXBI bus drivers are disabled. During the last cycle in which the 


IIDCLO output is asserted, the CBIC loads the device register with data from the IID <31:00> 





lines and loads the node ID field in the VAXBICSR with data from IIP < 3:0 >. The IIDCLO output 
is used to transfer this data. Internal pullup circuits will set the IID <31: 00> lines to a high- 
impedance state at this time. This feature can minimize the number of signals to be driven by the 
user’s interface during powerup operations. The output current characteristics of the pullup 
circuits should be verified to ensure that they are sufficient for the requirements. 


The user’s interface must transfer the node ID on lines IIP < 3:0> while IDCLO is oer If no 
other data is provided, the CBIC will load all ones into the device register which can then be loaded 
with data during node initialization by a normal write-type transaction. 


The powerup sequence of user-designed nodes are required to conform to VAXBI bus architectural 
standards. 


Transaction Timing Sequences 
The transaction and control timing sequences of the CBIC are shown in the ac electrical 
characteristics. 


Specifications 


The mechanical, seeeaeal. and environmental characteristics of the CBIC are described in the 
following paragraphs. The test conditions for the electrical values are as follows unless otherwise 
specified. | 


« Junction temperature (T)): 0°C to 125°C 
= Power supply voltage (V,,): 4.75 V to 5.25 V 


Mechanical Configuration | 
The physical dimensions of the DC514 133-pin Pin Grid ae (PGA) package are shown in 
the Appendix . 
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Absolute Maximum Ratings , 7 
Stresses greater than absolute maximum ratings may permanently damage the device. Exposure to 
absolute maximum rating conditions for extended periods may affect device Samaeal 2h 


« Pin voltages: -1.5 V to 7.0 V 

. * Operating j junction temperature (T,): 0°C to 125°C 

: - Storage temperature (T,;): -55°C to 125°C © 

- Ambient temperature operating range (T,): O°C to 70°C 
= Package dissipation: 2.5 W* 


*Package dissipation is approximately 0.575 watts higher than the product of the maximum supply 
current and supply voltage because of the dissipation of the VAXBI bus drivers used to sink the 
external VAXBI bus pullup current. : , 


dc Electrical Characteristics 
Table 9 lists the dc electrical parameters for fej fade and edtsut pins stot the CBIC. 


Table 9 = DC514 dc Input and Output Parameters 


Symbol Parameter Requirements Unit —‘Test Conditions 


ITI, Input current a 0 pA D<V< 5. 2 V- 
Oe Vi = 525 V 


Tl, Input current — 2025 mA ~~ V, = 2.4 V 





ITADCLO asserted eh: mA ~V,=0.5 V! 

itis. High-level output eA) = yA Bocas Vou 
current except ILADCLO an | 

IT Toy | Low-level CAIIpUE es we. AiO ee OE RA bos Veal TTR : 
current except TADCLO =». © wee : Le 
ITADCLO only, power off 100 fie eee Oo A Noel V gree ore 

. pinta ox a 3 yi ee lua Vec#0:V 
ITV; Low-level input _ -1.0 0.8 V | 
voltage ae | 

IIVy, . High-level i input, 20, - — V 

voltage « except BITIME _ 
| BITIME only = tI 289 

TEV oq High-level output 24 ioe V hae Es 
voltage 

TW Voi Low-level output —_ 0.5 V our = U lo 
voltage 

II Ios Short-circuit output _ -150 mA : 
current 
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Symbol Parameter Requirements Unit © Test Conditions 
) oe kate | Min. Max. te Gare as i 
H Lo High-impedance leakage — +20 pA 
current 
Cis Pin capacitance — 10 pF 0 < Vio < Vec 
BI I, Input current -270 30 WA oO Mig << Vig 
BI Io, Leakage current = 20 A 0< Vie < Vee 
BI Ig, Low-level output 21 a mA Vour=BI Vor 
current | ; | 
BI Veg Low-level output aes 0.6 V . | oan = BI oe 
voltage 
BI Vox High-level output 2.3 a2 V 
voltage 
BI Vin High-level input 1.95 — V 
voltage | 
BI Vinsy High-level hysteresis — 145 — V : 
voltage . 
| voltage 
BI Viny Low-level hysteresis — 1.4 V : 
voltage | 
BIC, —_Input/output pin — 6.0 pF > Vio=2.5 V3 
capacitance 3 hod by 
Tee Power supply current — 300 mA Vec=5.25 V 


'While ITADCLO is asserted, IID < 31:00 > and IIP<3:0> are internally pulled up and can source 
a minimum of 250 yA at 2.4 V. The user’s interface logic must sink a minimum of 1.0 mA at 0.5 V 
to drive these lines low while IADCLO is asserted. | 

?Not more than one output should be short circuited at a time and the duration of the short should 
not exceed 1.0 second. 
>For BI Vinny, the CBIC does not detect a change in input state of the hysteresis voltage even if ae 
input voltage drops to BI Vuyy following the application of BI Vany. 

BI Viny, the CBIC does not detect a change in input state even if the i input voltage rises to BI 
Viny following the application of of BI Viny. 

‘The device under test must be poweredup during this test and BIDCLO should be asserted at all 

times, except when measuring C,, for BIDCLO. 
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ac Electrical Characteristics 
The input and output signal timing sequences for the DC514 CBIC are shown in Figures 18 through 
27. Table 10 lists the signal timing parameters. 


WRITE ADDRESS | WRITE DATA NEXT ADDRESS 
SUBCYCLE SUBCYCLE .| SUBCYCLE 


| (REQUEST) |. (GRANT) |... (REQUEST) 


HCLKB | wh 
tICY 


HCLKA 


liAH<6:0> 
lIBM<3:0> 


1D<31:00> 
IP<3:0> 


tDEH 
TIDEN 





IIRWEN 


ICS 





Figure 18 « DC514 II Bus Write Transaction Timing 
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READ ADDRESS READ DATA | NEXTADDRESS [| 
; |. SUBCYCLE _ © |. — SUBCYCLE | SUBCYCLE... ot. thes. 
(REQUEST) (GRANT) " (REQUEST) a 
IICLKB 
NCLKA 
tasT 
lAH<6:0> 
IBM<3:0> » 
tRWS 
IIRWEN 
tCAS 4 ha 'CAH 
iIDEN 


ID<31;:00>..... 
IP<3:0> 





Figure |e DC514 II Bus Read Transaction Timing . 


to 
tMcS 
tMCH 
HWROQ<1:0> 0 — 
tmMcs 
tMCH 
IINCENA 
tmcs 
'MCH 
NDMAEN 


Figure 20» DC514 Master-port Control Signal Timing 
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to 


—tSDT 


_ ALESTAT, - 
“TIBSTAT 


tspoT—> 


STOP 
(SYNCHRONIZED) 


EV <4. > ° 
(SYNCHRONIZED) 





Figure 21 = DC514 Master- and S lave-port Status Signal Timing 


| READ | 
WRITE >| WRITE. ceeeeere cae y READE NL DBIC” lt inaiatahdc hetero ee 
CBIC cBIC. iE WAIT cae os ADDRESS WAIT CBIC 
os ® ADDRESS. LADDRESS..."|° REQUEST | FOR. © 2 eb ADDRESS] 20 2b OR. ps pest ADDRESS | 
34 | TRANS- TRANSACTION TO 28 | (READ TRANSACTION TO | 
| ADDRESS) | (COMMAND) | ACTION | COMPLETE (DATA) STATUS) | COMPLETE (oars 


K “7 ve - 


HAH <6:0>-- 
BM <3:0> 






HD<31:00> 


peace wil es 
ics 





IDEN 


NRWEN 
HOMAEN 


HINCENA 


NEV<4:0> 


Figure 22 * DC514 Master-port Map (CBIC as Master) VAXBI Bus Read Read Transaction Timing 
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WRITE WRITE WRITE WRITE WRITE 

CBIC CBIC | CBIC WAIT | cBIC CBIC | WAIT 

ADDRESS | ADDRESS | ADDRESS FOR ADDRESS | ADDRESS | FOR 

30 34 | 28 TRANSACTION TO 28 2c | TRANSACTION TO 
(ADDRESS) | (COMMAND) | (DATA) COMPLETE (DATA) (MASK) = | COMPLETE 





WAH<6:0> | 
1IBM<3:0> 


HO<31:00> 
HP<3:0> 


iCS 


IDEN 





IIRWEN 


NDMAEN | 


| Pt ts 


HWEV<4:0> me ee oe 


Figure 23 » DC514 Master-port Map (CBIC as Master) VAXBI Bus Write Transaction Timing 
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READ i | READ 
ane | CBIC | | CBIC 
| lA ADDRESS | 
WRITE | CBIC | | ae Ble READ | ADDRESS | 4, 
| cBIC | ADDRESS (DATA 1) | CBIC cBic | wataay | CBIC 
| ADDRESS | 24 | WAIT FOR DMA | ADDRESS | ADDRESS} WAITFOROMA | ADDRESS 
‘| |(COM- | REQUEST | TRANSACTION! | REQUEST | 04 08 TRANSACTION.2 | REQUEST | 10 
_| (ADDRESS)} MAND) | 1 _ TOCOMPLETE 2 | (DATA 2) | (DATA 3) TO COMPLETE ra | (oaTAA) | 
| 
NAH<6:0> , 
lBM<3:0> 










IID<31:00> | 
HP<3:0> 


© aa el a VE ea ore 
eco 


CS | 
IDEN | 


HRWEN 4 





HDMAEN 





INCENA 


i 

| 

i 

— 
é 


eveao> 


NRQ<1:0> | 





Figure 24 « DC514 Master-port DMA (CBIC as Master) VAXBI Bus Read Transaction Timing 
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| WRITE | | | | | WRITE 
| , : cBic | | si | CBIC 
WRITE | ADDRESS | en | ADDRESS 
WRITE | CBIC WRITE WRITE WRITE oc WRITE WRITE =| WRITE Pe 1c 
CBIC ADDRESS | CBIC CBIC CBIC | (DATA4) | CBIC . . | CBIC | CBIC (DATA 4) | 
ADDRESS | 24 “| ADDRESS | ADDRESS | ADDRESS | | ADDRESS mDDRESS | ADDRESS WAIT FOR DMA 
(ADDRESS) | MAND) =| (DATA 1) | (DATA2) | (DATA3) | 1 (DATA 1) | toate 2) | (DATA 3) TO COMPLETE 2 
HWAH<6:0> | 
BM<3:0> f 
1ID<31;00> >}. 
HP<3:0> 
iC 
IDEN 
IRWEN 
IDMAEN 
_ CCE? 


HRO<1:0> | 


eID Ce 
=== 


Figure 25 = DC514 Master-port DMA (CBIC as Master) VAXBI Bus Write Transaction Timing 


READ READ 
CBIC CBIC | 
ADDRESS | ADDRESS | WAIT FOR 
SLAVE PORT | 50 54 TRANSACTION TO COMPLETE 
TRANSACTION 


SELECTION | (ADDRESS) COMMAND) COMPLETE 


WAH <6:0> 
IBM<3:0> 


ND<31:00> | 
IP<3:0> 


Figure 26 = DC514 Slave-port (CBIC as Slave) VAXBI Bus Read Transaction Timing 
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READ | READ | | ware 


CBIC | CBIC WRITE | CBIC | 
ADDRESS | ADDRESS CBIC |; ADDRESS 
SLAVE PORT 50 | 54 ADDRESS 4 COMPLETE 


SELECTION (ADDRESS) | (COMMAND) | _ | 4c | | (DATA) | TRANSACTION 


AH <6:0> 





NBM<3:0>.. 
ND<31:00>° 
HP<3:0> 
Hics 
IDEN 
HRVWEN 
WSEL 
Figure 27 » DC514 Slave-port (CBIC as Slave) VAXBI Bus Write Transaction Timing 
Table 10 = DC514 ac Timing Parameters 
Symbol Definition Requirements (ns) 
it Max. 
ta IICLKB clock period 24 DC 
tice Clock pulse width high or low 8.0 — 
tics IICLKB setup time to IICLKB (t,) 70 _ 
five IICLKA hold time from IICLKB (t,) 5.0 _ 
vem II bus address setup time to IICLKB (ty) 0 _ 
— II bus address hold time to IICLKB (t,) 10 — 
ae II bus data setup time to IICLKB (t,) Ges =a 
i II bus data hold time to IICLKB (t,) 0 — 
taws IIRWEN setup time to IICLKB (t,) 15 — 
tawy IIRWEN hold time to IICLKB (t,) 10 — 
fxs IICS setup time from IICLKB (t,) 15 a 
tea IICS hold time from IICLKB (t,) 10 — 
tice IIDEN setup time to IICLKB (ty) tiey — 
tons IIDEN hold time to IICLKB (t,) 0 — 
tank Read data access time from IICLKB (t,) — ticp + 55 
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Symbol _ Definition | | | Requirements (ns) 
| Sy Min — Max. 
on Data valid delay time from TIDEN assertion - _ 25 
oo Data deassertion time from TIDEN deassertion se 15 
‘Tce Master-port control setup time to IICLKB (t,) ~ une ticy + 15 — 
ida _. Master-port control hold time to IICLKB (t,) 0 —_ 


tony Status output delay time from IICLKB (t)) | — 15 
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Appendix—Mechanical Specifications 








Figure A.1 shows the cerquad surfacemount package configuration and dimensions. Figure A.2 
shows the PGA (pin-grid-array) package configuration and dimensions. 


MINIMUMCLEAR 
LEADFRAME ZONE . 









| .164 MAX 

344 MAX — 

| .180 MAX 

120 MAX 0 MIN 
| 20MIN . 


Number of Dimensions _ anaes oe ae paenny 
Leads ee =A B.. C€ D 

Ag OG gt O02. 0.0)... 0825 
68 eve go” 002 00s. as 
ga ya gos” eds °F 71398 
132 0.9 0.012 0.025 1.125 
164 11 0.012 0.025 ° 1325 











Figure A.1 = Cerquad Surfacemount Package Configuration and Dimensions 
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KEY PIN’ 





PIN Al? 


INDICATOR STANDOFF ° 








D i 
~ ” STANDOFF 
CAPACITOR ij -) . | PINS 
PADS? ( i | | 
0.018 DIA | | 0.008 
0.05+0.005 
oh e 


PIN A1 AND 

PACKAGE IDENTIFICATION 

(REFER TO TABLE E2) 

'Key pin is nonelectrical and is fo alignment on type B B chips only. 

*Pin A1 is indicated by a protrusion on the standoff collar. 

’Standoff pins are positioned at the four exterior corners of the 132- -pin PGA and at the four 
interior corners of the 72-pin PGA. 

‘Capacitor pads not available on the B and BCI3 PGA versions. 


Type* Pins Dimensions 
A. B Cc. .D E $F G- H Je K- 2 
72 117 10 01 0.05 016 01 036 0.145 0.88 0.17 - 
B 132 14 13 O01 N/A N/A N/A N/A N/A N/A 0.18 | 
BCB 132, «24—s«d13.— «0.12, N/A N/A, N/A N/A N/A N/A 0.18, 
ee” oo Gi ee ee ae 


Type B= VAXBI bus BCAI and BIC chips 
~M=V-11 Mchip _ 
I/E=V-11 I/E chip 
F=V-11 F chip © \ 
BCI3 = VAXBI bus BCI3 a 


Figure A.2= PGA Package Configuration and Dimensions 
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